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SECTION 1

INTRODUCTION

GENERAL

This report covers the efforts of follow-on work pursuant to an
earlier study of airworthiness standards and IFR certification pro-
cesses for helicopters (Reference 1).

ey X

Reference 1 reviewed the "current" Interim Criteria (Referenc.. 2),
. Federal Aviation Regulations, Advisory Circulars and other pertinent

reports and documents assoclated with the certification of helicopters
for instrument flight. It also identified specific zirworthiness re~
quirements for helicopters operating in instrument meteorological con-
ditions with special attention given to aircrew manning configurationms,
pilot workload, ability to trim, static stability, dvnamic stability,
handling qualities, analysis of time history data and documentation pro-
cedures, augmentation systems, autopilots and a review of certain
flight test techniques.

In the course of the analyses performed in Reference 1, it became
apparent that during the IFR certification process, considerable
importance is placed on the determination of satisfactory workload
level for the minimum aircrew for 1FR flight in a helicopter. The
apparent need for a workload appraisal or evaluation scheme manifested
itself primarily in the recent, numerous one-pilot aircrew manning
level approvals. 1t was determined that there was a requirement to
establish a workload evaluation scheme that was related to flying
qualities suitability and was applicable to the TFR certification
1 process for helicopters.

AR

3 Some of the critical subject areas identified for additional study

: were: the development of a series of flight patterns that could be

used to standardize maneuver objectives for use in the certification

| process; identification of performance objectives; determination in

b relative terms of that portion of a pilot’s total attention which can
be applied to the flight control task; development of a flying quali-
ties workload rationale and definition scheme which would allow work-

. load to be stated in meaningful terms for evaluation pilots. Using the

. results of studies addressing the above issues, a flying qualities
] workload evaluation system would he established which could be applic-
3 able to the FAA certification process for helicopters.

The efforts to analyze those areas are addressed in this report.

1-1
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SECTION 2

THE ROLE OF PILOT WORKLOAD IN THE IFR CERTIFICATION PROCESS

INTRODUCTION

This section discusses the role of pilot workload in the IFR
certification process, highlighting the differences between one and
two-pilot operations. It further defines workload as being of two
types: flight control tasks and auxiliary tasks, and describes their
relationship as it applies to helicopter certifications. Examples of
two critical IFR flight phases that appear to be of prime importance in
the assessment of the minimum required flight crew and satisfactory

workload level are included.
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GENERAL ]

An analysis of recently certified IFR helicopters was conducted 3
and it was determined that a helicopter, with a given aircrew manning -
level, instrument display and avionics package, will not receive an IFR ;
certification 1f the examining pilot determines that the workload level :
on the minimum required airciew is too high or demanding even though é
the man/machine system adequately and fully complies with the Interim j

Criteria, FAR, etc., in all other respects. This appears to be espe-

cially true for one-pilot certifications. For example, for one-pilot

certifications, 1f the total workload level is too high, some type of

workload relief (in the form of stability augmentation systems, and/or .
automatic stability equipment, and/or better display systems or avionics)

is provided to the lone pilot to reduce the high workload. Because of the

ro~quirements of the certification process and since the workload apprai- E
sal is fundamentally important, the examining pilots must carefully judge
the workload level (pilot’s effort and attention required in the perform-
ance of all flight phases) to assess whether it is acceptable or not.
Given this situation, it appears that, in the past, examining pilots

have established, at least in their own minds, acceptability criteria

for workload level rating and judging of compliance with the Federal
Aviation Regulations and Interim Criteria. Since the judgment methods
used by the FAA examiners are mostly informal and sometimes personal
systems, and are not delineated as in the familiar Cooper-Harper

schemes (Reference 3), the precise definitions and methodology as

related to the workload certification task are difficult to pin down

and categorize. Obviously, such a system can be successfully utilized

as long as individual bias is suppressed, and the participants generally
agree to certain ground rules and norms, and coordinate them properly
among all the various affected agencies and companies. As an operating 3
practice, an informal, unstructured workload level rating system can be ’
burdensome when the many variables in the problem and the different
certification goals of all interested parties are considered.

St o YT S L

he % 4

Rl DR e it Ll o
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In order for the FAA to develop useful and meaningful criteria for
IFR approvals, the workload objectives for each certification goal need
to be clearly established. These workload objectives must be defineod
in a way that will permit general correlation to pilot/vehicle handling
qualities factors and IFR certification goals (ec.g. stability and i
control, display systems, task, aircrew manning level etc.).
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PILOT WORKLOAD CRITERIA AND TERMINOLOGY

The subject of pilot workload and establishment of the minimum
required flight crew sufficient for safe operation is addressed in both
the Federal Aviation Regulations and the Interim Criteria for certifi-
cation of helicopters for IFR operations (Reference 2). In PARTS 27
and 29 of the Fedcral Aviation Regulations: Airworthiness Standards
for Normal Category Rotorcraft and Transport Category Rotorcraft under
Subpart G, Operatirg Limitations and Information, Sections 27.1523 and
29.1523, the following pertinent statements are made under the subhead-
ing of MINIMI(M FLIGHT CREW:

"The minimum flight crew must be established so that it is
sufficient for safe operation, considering -

(a) The workload on individual crewmembers;

(b) The accessibility and ease of operation of necessary
controls by the appropriate crewmember ..."

Also, several phrases and paragraphs in the current Interim
Criteria relate to the subject area of pilot workload, namely:

"(3) 1IFR Flight. The rotorcraft must be flown in the air traffic
control system under actual IFR day and night conditions for a period
of at least five hours. The items evaluated during this period include:

(1) Ability to operate the rotorcraft satisfactorily under
IFR cenditions in the air traffic control system
without undue pilot fatigue or exceptional pilot skill
or alertness.

(5) In-flight IFR workload demands on the minimum required
flight crew.

(6) Handlirg of the rotorcraft in rough air turbulence."

Other sections of FAR 27 and 29 address the wcrkload issue more
indirectly and with special regard to failures. One example of this is
given under FAR 27 and 29, Subpart B, Flight Characteristics, Section
27.141 subparagraph (b) excerpted as:

"(b) Be able to maintain any required flight condition and make a
smooth transition from any flight condition to any other flight condi-
tion without exceptional piloting skill, alertness, or strength, and
without danger of exceeding the limit load factor under any operating
condition probable for the type, including -
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(1) Sudden failure of one engine, for multi-engine rotor- ;
craft meeting transport category A engine isolation
requirements; and 3

(2) Sudden, complete power failure, for other rotorcraft; ,
and E

(c) Have any additional characteristics required for night or
instrument operation, if certification for those kinds of ol
cperation is requested."

Federal Aviation Regulations, Part 25, Airworthiness Standards: .
Transport Category Airplanes 1s interesting in that, in addition to
mentioning the need to establish minimum flight crew and workload on g
individual crew members in Section 25.1523, it makes reference to an
Appendix D in that Part, namely:

"Criteria for determining minimum flight crew. The following are
considered by the FAA in determining the minimum flight crew under
25.1523:

a. Basic workload functions. The following basic workload
functions are considered:

(1) Flight path control.
(2) Collision avoidance.
(3) Navigation.
(4) Communications.
(5) Operation and monitoring of aircraft engines and systems.
(6) Command decisions.
b. Workload factors. The following workload factors are con-

sidered significant when analyzing and demonstrating workload
for minimum flight crew determination:

(1) The accessibility, ease, and simplicity of operation of
= all necessary flight, power, and equipment controls,
including emergency fuel shutoff valves, electrical
controls, electronic controls, pressurization system
controls, and engine controls.
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(2) The accessability and conspicuity of all necessary
instruments and failure warning devices such as fire
warning, electrical system malfunction, and other
failure or caution indicators. The extent to which such
instruments or devices direct the proper corrective
action is also considered.

(3) The number, urgencv, and complexity of operating proce- i
dures with particular consideration given to the specific
fuel management schedule imposed by center of gravity,
structural or other considerations of an airworthiness !
nature, and to the ability of each engine to operate at i
all times from a single tank or source which is automa-
tically replenished if fuel is also stored in other
tanks.

S

IR YO

(4) The degrec and duration of concentrated rental and
physical effort involved in normal operation and in
diagnosing and coping with malfunctions and emergenciec.

Attt Yo

..,“,\

(5) The extent of required monitoring of the fuel, hydraulic,
pressurization, electrical, electronic, deicing, and
other systems while enroute.

v Ny

i

(6) The actions requiring a crew member to he unavailable at i

- his assigned duty station, including: observation of f

4 systems, emergency operation of any control, and emer- i

g gencies in any compartment. }

- (7) The degree of automation provided in the aircraft 3
3 systems to afford (after failures or malfunctions)

automatic crossover or isclation of difficulties to
minimize the need for flight crew action to guard i
against loss of hydraulic or electric power to flight
controls or to other essential systems.

(8) The communications and navigation workload.

(9) The possibility of increased workload associated with
any emergency that may lead to other emergencies.

L

(10) Incapacitation of a flight crewmember whenever the
applicable operating rule requires a minimum flight crew
of at least two pilots. 3

2=5

P QI Sl Py TNy



Pt IR et

kb ol

e

¥

=

R TR P R St s R e T L S R e 20T il Al

(c) Kind of operation authorized. The determination of the kind
of operation authorized requires consideration of the operat-
ing rules under whici: the airplane will be operated. Unless
an applicant desires approval for a more limited kind of
operation, it is assumed that each airplane certificated
under this Part will operate under IFR conditions."

It is noted that Appendix D of FAR PART 25 lists some basic workload
functions for the pilot. The six functions listed under (a) of that
Appendix can be divided into two common categories, flight control tasks
and auxiliary (non-flight control) tasks. Flight Path Control is defi-
nitely a pilot flight control task whereas Collision Avoidance under IMC
and Instrument Flight Rules is a shared task within the NAS and ATC
system. The remaining four basic workload functions listed in Appendix D
(PART 25); Navigation, Communications, Operation and Monitoring of
Aircraft Engines and Systems and Command Decisions may be categorized as
auxiliary tasks. Paragraph (b) of Appendix D (PART 25) stresses the fact
that workload level must be analyzed carefully for the minimum required
flight crew level determination. Although this particular regulation
applies to airplanes, important and equivalent workload factors should
exist for helicopters. Also, paragraph (c) of Appendix D (PART 25)
states that it i1s assumed that each airplane certificated under this Part
will operate under IFR conditioms.

Important early research and analyses on the fundamentals of flying
qualities, pilot workload, and performance have been accomplished by NASA
Langley and the CALSPAN Corporation of Buffalo, NY and are summarized in
Reference 3. In order to constrain the terminology and understand the
relationships of the variables used in the judgment of flying qualities
and workload/performance factors, certain well recognized deflnitions
and flight phase descriptions are provided in Appendix A of this Report.
Also, a schematic is shown in Figure 2-1 that depicts the interplay
between the various pilot control loops and handling qualities factors.
Note that Pilot Tasks are divided into two categories:

1. Flight Control Tasks.
2. Auxiliary Tasks (ATC/COMM/NAV, etc.).

The input arrows and feedback loops to the pilot (Pilot Box on Figure
2-1) show the workload paths for the pilot in the achievement and
performance of a task. Buth the graph (Figure 2-1) and Appendix A
provide vital and fundamental information needed for the discussions on
pilot workload and task performance objectives covered in later sections
of this Report. The definitions of Workload and Task in Appendix A are
especially {important. They are:
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e TASK - The actual work assigned a pilot to be performed in
completion of or as representative of a designated flight
segment.

-~ Control - That part of a task whick requires continuing
actuation of the principal controls and use of the selectors
as required.

- Auxiliary - That part of a task which involves the pilot in
actions other than direct control of the aircraft.

Examples: Navigation, communication monitoring, selection of
systems, and ATC interaction.

¢ WORKLNAD ~ The integrated physical and mental effort required
to perform a specified piloting task.

- Physical - The effort expended by the pilot in moving or
imposing forces on the controls during a specified piloting
task.

- Mental workload is at present not amenable to quantitative
analysis by other thian pilot evaluation, or indirect methods
using physical workload (input) and the task performance
measurements. An example would be the improvement associated
with flight-director type displays which reduce the mental
compensation normally required of the pilot.

(NOTE: No attempt is made in this report to separate workload into the
two divisions related above -- Physical/Mental. Only the combined
meaning of workload is utilized in this study namely, the integrated
physical and mental effort and attention required to perform a speci-
fied task. Research and analyses have been conducted (with varying
degrees of success) on attempts to separate the efforts but this
subject area is not addressed in this report.

Reference 4 entitled "HELICOPTER PILOT WORKLOAD EVALUATION" is an
example of research on factors such as pilot stress and fatigue. The
reported work in that reference covers the research accomplished during
inflight investigations of short duration operational helicopter missions.
The prime objective was to determine the level of pilot stress encountered

by evaluating the changes in pi st performance, control activity, and
biochemical levels.)
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DISCUSSION OF AIRCREW WORKLOAD CAPABILITIES

In Figure 2-2a, the plechart depicts the basic duzl pllot case
where the total available workload that may be apportioned to the two
pllots for those efforts required to conduct an IFR helicopter flight
1s shown by a left and right half pie representing 100% of each pilot’s
available workload. The left half pie represents the pilot’s 100%
available workload and the right half pie represents the copilot’s
100% availabie workload. It is appropriate to presume that the pilot
does not ever desire to make available or choose to provide his full
100% workload capability to operate the aircraft in routine flight but
deems it necessary to always "hold in reserve' a portion of his total
capability to handle emergencies and other unusual or unexpected flight
occurrences. In other words, the conduct of the flight should not tax
the aircrew to the extent that for the most demanding, non-falled,
flight state, the on-board crew (s devoting its absolute total workload
capability to accomplishing the standard task at hand. 1t is presumed
that an aircrew would not intentionally or repeatedly plan, dispatch,
and conduct routine IFR flight operations where the total workload
needed to accomplish the flights always required their full, maximum
capabilicies.

The "reserve'" workload portion, whether gained by conscious
pre-allocation or by extra natural (adrenaline or whatever) causes is
set aside here and so designated in the pilot (left hand) portion so
that his desired, normally available workload capacity is only about
85% of his total portion (about 15% earmarked for the reserve). The
exact percentages detailed here are not as important as the idea that a
pilot desires to hold in reserve some degree of extra workload capa-
bility to handle unexpected or unusual flight occurrences.

The definitions or guidelines stated below are offered to aid in
understanding other sections of this report related to discussions on
workload capability and allocation. A 100 percent workload capability is
that amount of workload available that a crew member may use without
entering an overload condition. An overload condition is a workload
condition where the crew member would soon be operating beyond his
error-free tendencies and cepacities. If he cannot hand off the extra
workload, he starts to forget workload items or chooses to rank them
according to the importance of the tasks and neglects or omits those he
determines .o be of lesser importance. If possible, he will enlist the
use of automated or automatic systems to provide workload reli<f for the
overload condition. Reserve workload capability (un-ailocated, non-
dedicated or "open" workload) is that portion of a crew member’s 100
percent capability that is ieft open or not allocated during routine/
non-emergency flight situations. It is that portion of the crew
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member’s 100 percent capability that he holds in reserve to allow for
possible non-routine, unexpected and emergency activities or occurrences
to be handled without degrading or affecting the achievement of the crew
member’s personal and standard performance goals.

Since the pilot has the reserve workload capability set aside, it
is assumed that the copilot can be worked to 100% of his capacity
during routine IFR flight operations, if need be. Therefore, for this
illustration in Figure 2-2, in the two-pilot case there is, in terms of
a type of workload factor, about a 1.85 total capability, if needed,
and in the single-pilot case (copilot not on board) there is, in terms of
a workload factor, about 0.85 total capability available, if needed, for
standard, non-failed IFR missions (Figure 2-2b).

A great many unresolved issues and techniques exist when attempt-
ing to discuss measurements of, or estimate workload level. Several
methodologies and techniques such as time-line analyses, computer and
theoretical analyses, and operational testing are frequently utilized.
One measurement technique and definition that has been used recently
for individual task measurement is called the task loading percentzge
(Reference 5) and is defined as:

Time Required for Task (times 100)

Task Loading Percentage = Time Available for Task

This methodology is best applied to "overt" tasks such as copying a
clearance, running through a checklist, reading a map, system selection
or inserting waypoints on an RNAV system. It is essentiaily inapplic-
able for "covert" tasks where mental processes, decision making, command
and monitoring functions are concerned.

If the Task Loading Percentage exceeds 100, an OVERLOAD situation

or condition exists. Reference 5 summarizes some possible consequences
of OVERLOAD conditions as:

e The crew member may be able to compensate for the overload by
working faster.

e Depending on the type of task, the crew member may defer action
on it and accomplish it at a later time, if possible.

® If possible, the crew member may attempt to hand off certain tasks
to another crew member.

e If available, the crew member may attempt to use some automatic
system or automcted avionics to relieve some of the overload.
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Some of the aforementioned items related to overloads may be utilized

to a point, but they may in turn result in different effects and
frequently cause new situations. For example, a pilot may work faster
for limited periods of time (5 to 10 minutes for a 1i5 percent workload,
15 percent overload) at the cost of causing fatigue onset to occur at
an earlier time. If the crewmember is very heavily overloaded (125 to b
150 percent workloads, 25 to 50 percent overloads, for short times or {4
even 15 percent overload for long times) he may start omitting or '
neglecting tasks. If the tasks are important and cannot be neglected, he . K
will try to hand them off to another crew member and/or utilize an

automatic or automated device for workload relief (1f possible).

PrLTy )
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1f the minimum aircrew is required to frequently perform in high

workload situations or overload conditions, several consequences are :
possible (Reference 5):

o Onset of early fatigue for crew members. ;
e Increased probability of making errors.
® Reduction in so-called "Workload Reserve Capacity".

® Performance decrements may start to occur.

® Reduced probability of flight phase (and mission) completion.

e Possible increase in probability of ATC rules violation and
incident or accident occurrence.

® Possible decreased quality and level of safety of flight.
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TYPICAL ONE AND TWO PILOT IFR CERTIFICATIONS

In the last several years, a large variety of helicopters, flight
control and stabilization systems, avionics, and instrument displays
have been involved or utilized in the IFR certification process. Of
the nine or ten helicopters certified for IFR flight with either one or
two pilot aircrews, several helicopters have been certified for one and
two pilot aircrew manning levels depending on installed and operable
equipment and systems. An example of a particular helicopter that has
been certified for different minimum aircrew manning levels (one-pilot
or two-pilot) versus installed and operable equipment and systems is
discussed below. According to the flight manual, for certified single-
pilot IFR operation, artificial stabilization systems are required. For
certified two-pilot IFR operations (using the same basic helicopter)
the artificial stabilization systems are not required. The two-pilot
IFR certified helicopter may be flown routinely on IFR flights with the
artificial stability systems inoperable (or not installed) as long as
two fully qualified IFR pilots are on board and two fully equipped
flight stations with full controls and instruments are provided.

Typically, the single-pilot IFR certified helicopters may con'ain
an attitude type SAS (or SCAS) system and also provide (for continuous
use) the attitude~hold function of an autopilot. The SAS attitude (or
SCAS) system v-~ually enhances the stability and control characteristics
50 that the flying qualities of the helicopter are improved sufficiently
(and flight control workload reduced) that the pilot can participate in
the performance of the auxiliary tasks required for IFR flight. Fre-
quently, additional flight control workload relief is provided to the
pilot by the attitude-hold autopilot. Sometimes a flight director is
offered (and required) to mitigate the pilot’s workload/performance prob-
lems when precision flight is a necessity as in a CAT I, ILS approach.

Although the auxiliary task workload may vary considerably during
the course of a flight depending on area traffic density, flight phases,
availability of radar control and vectoring, weather conditions, etc.,
the auxiliary tasks, in general, are fairly predictable and definable.
They usually cannot be varied much for a specific case and condition
unless the more sophisticated avionics and highly automated subsystems
are added to these certified iehicles. Some auxiliary task workload
relief could be obtained for the single-piiot with regard to navigation
and position location tasks 1if additional equipment such as pre-
programmed mul tiple waypoint RNAV systems, dual DME, and dual VOR
receivers are installed. It appears that, at the present time, very
little workload relfief can be provided to the single-pilot with regard
to other auxiliary tasks such as system selection, ATC interaction,
communications, char. reading, check list readings, chart handling,
flight clearance writing, etc., unless new and innovative systems and
techniques become available.
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For a given IFR flight capability and performance level, the
artificial stability systems, the Flight Director System and the second
pilot all represent sources of flight control workload relief (or
modification) for the Pilot-in-Command. However, it should be noted
that the workload relief provided by the artificial stability systems
and Flight Director (say during a letdown and ILS-CAT I approach), is
of a distinctly different type as compared to that obtained by the
addition of a quaiified, current copilot seated at a fully equipped
flight station. In the single~pilot case, the artificial stability
systems and the Flight Director System are alding the pilot in his
maneuvering, "attitude-maintenance” task of the helicopter and flight
path control or ravigation guidance as dictated by his flight plan and
objectives. They aid him primarily in his short term flight control of
the aircraft. 1In the two-pllot case, the second pilof probably assumes
the major workload associated with the auxiliary tasks of ATC/
Communications/Navigation as well as some safety monitoring of the
handling pilot and management of helicopter subsystems. As the '"non-
handling" pilot, the copilot is not directly involved in the flight
control of the helicopter. Additionally, there is mitigation of
the fatigue factor associated with difficult 1¥FR f£light since the pilot
and copilot can exchange flight control duties.

The ATC/Communications/Navigation and miscellaneous cockpit manage-
ment and monitoring tasks which together make up auxiliary workload are
all definable, fairly standard, and normally dependent upon the NAS/ATC
operational environment. Also, it is generally agreed that the "high~
density" terminal areas like the New York City, Chicago and Los Angeles
metropolitan areas usually provide the potential for maximum auxiliary
workloads. For each flight phase and condition, the effort and attention
\ needed to perform auxiliary tasks is usually a fairly predictable amount.
g It is a workload level which experienced pilots flying in this environment
i have learned to appreciate and quantify. When the second pilot is removed
; from an aircraft, the entire ATC/Communications/Navigation (ATC/COMM/NAV)
’ etc. workload (normally accomplished by the second pilot) is re-allocated
{ to the Pilot-in-Command (PIC). Depending on the personal style or pro-
fessional attitude on the part of the sole-pilot in the helicopter, this
workload associated with the ATC/COMM/NAV etc. task may change somewhat
but given the equipment and environment it is, in general, the same
quantity task that existad when there were two pilots in the cockpit and
the copilot was handling that part 2f the total workload.
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CREW MEMBER RESPONSIBILITIES FOR TWO CRITICAL IFR FLIGHT PHASES

In any discussion of the division of pilot workload, it is helpful
to analyze the two-pilot case when cividing total workload into the
major types of tasks. It is also beneficial to address it in terms of
different, critical IFR flight situations (each with different phases,
ATC/COMM/NAV environments) as well as the special conditions of weather
and stress, namely:

e IFR, Enroute Flight Phases with high auxiliary task workload.

e IFR, Category I, ILS Approach Flight Phases with high flight
control task workload.

In both flight situations:

o The Pilot-in-Command is the handling pilot performing the
flight control task and is responsible for flying the aircraft
and achieving the maneuvering/steering performance, proper
altitude/attitude/speed control and flight path guidance
accuracy commensurate with that expected and required for the
flight phase.

e The copilot i3 the non-handling pilot performing the auxiliary ’
tasks and 1s responsible for all other flight actions including
ATC/COMM/NAV duties, subsystem management, cruise control,
monitoring the filight activities, and providing support to the

= PIC for any other miscellaneous activity (chart reading, etc.).

He is expected to perform these duties with a rapidity and

accuracy commensurate with that required for enroute/cruise

type flight where the auxiliary task workload is heavy. ;

LR > 4

Lk

- However, when copilot responsibilities in the second {Approach) %
_ situation are closely analyzed, additional duties are recognized. !
The copilot is also supporting the PIC by providing such things
as missed approach headings and procedures on go-around. He is
also charged with the duty of "looking-out" as the helicopter

approaches the critical transition stage from IMC to VMC flight
near the Decision Height. This advises the pilot of "ground-

s contact" or approach light contact so that the PIC can make a i
_ oo smooth transition to VFR for deceleration, flare and landing. If :
= i "no-contact” at the Decision Height, the copilot alds him i
] § accordingly on the missed approach. The copilot is expected to %

I perform these duties with a rapidity and accuracy commensurate 7

. -

S
PO

with that required in a high-density, high stress environment
during the execution of an ILS, CAT I approach (or missed approach).
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Additionally, consideration must be given to the special conditions
of weather and environment. These conditions include turbulence,
crosswinds on approach, gusts, wind shear, precipitation, night, ceiling,
visibility, etc., and are very important to assure critical case apprai-
sal for the IFR certification case. The special conditions of weather
considered in this report for the two cases mentioned above are those for
a nominally bad IMC day. They might include weather conditions such as
moderate turbulence, crosswind from 45 degrees, gusts, wind shear, steady
rain, night and Category I type ceilings and visibilities. The condi~
tions are typical of those that the flight examiner has to consider
during the IFR certification process.
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SECTION 3

PILOT ATTENTION AVAILABLE FOR AIRCRAFT CONTROL

INTRODUCTION

This section analyzes the overall workload associated with a
typical IFR flight and identifies separately the auxiliary tasks and
flight control tasks. The auxiliary task requirements are quantified
through time line analyses for selected flight segments to determine
that portion of a pilot’s time and attention in which he 18 drawn out
of the flight control loop. The time remaining is concluded avatilable
to the pilot for the flight control task.
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ANALYSIS OF THE COMPOSITE HELICOPTER IFR FLIGHT PROFILE

In Reference 1 it was found that, when the many different opera-
tional roles of civilian helicopters were considered, evach helicopter
must be propared to contend with all events contained in a typical IFR
flight (e.g. the Composite Helicopter IFR Flight Profile which was
developed for Reference 1). That Composite Profile represents a
reasonable operational standard for certification of helicopters for
IFR flight and is reproduced here (Figures 3-1 through 3-4), excerpted
from Reference 1. It includes all probable events of a non-emergency
nature. They are based on two sources: (1) the services offered,
and/or requirements of, the ATC/IFR environment as it exists today; and
(2) contemporary helicopter IFR flight techniques as taught and prac-
ticed in the actual helicopter IFR environment.

A narrative was developed to summarize the activities and events
for each flight phase of the Composite Helicopter IFR Flight Profile.
It states toth flight control tasks and auxiliary tasks in a general
sense. The narrstive summaries are detailed in Appendix B. The Com-
posite Profile rresented in this section, and the narrative summaries
in Appendix B, are well documented by References 6 through 11l.

3-2

A% x

~F IRl A atae R
st

i i il s ki i it

f it S e R 535

Uil 0 Sl RIS e o2 oot S 5

ot

- e e T A R ——
. «memmnj‘
P9

%_

H
4
3

P TV R e

ot

gt
R

L L s ner e Vs A T e sy gty




b 4 Tyt R Y AT R RS TS TR A R RS AT A TR TN T T | M TN RO P AT AT Ty < = ey - . N . _— ot — —

“
:
(23noaug pue daniaedaq) 3 o
FTI408d IHOI1d ¥4I ¥ALJOOITaH 411SOdH0D °1-€ 2IN3Hd .
,,m g
9 .
ﬂ.. .
s B
,m Y |
m
Jjoaqey  yxey J
m qu}1) ¥3A \ﬁ.ﬂnﬂ‘o
Y m
sueds E
(a1s) asmaedag Su..."v!» !
JUIWNAISU] paePURIS
o)
)
o
(5403337 Jepey)
| VIS SSY
: IIUTPLOAY SN IPIN IInoJu } i)
ﬁ »noau3 N
_ 0WH
”. WIS) 3IN0Y 1PAjLNY asina)
.—-c.l-tu paepunys t
nnosv)
i
| /
M
i m
EY
]
7
Z
Y e 4 v }
e s m




7

D 3 i S i\

R IR 7 o 4 HA DL e

(yoeoaddy passSIW pue yoeoaddy)
271304d IHOITd ¥JI ¥ALJOOITAH ALISOAWOD *Z-¢ @an814

LNIWa3S INO3S INII3S
INIWYIS HIVOEddY Q3SSIW MJv0uddy WNIJ HIVOUddY ILVIQM%ILNI HIVOUddY WILINI
N o N\ R,
NS N N7~ ™~

U 1adIUID Aemuna

d9x404 FrR Bl
PPN 43300
v

swwijuin Bup (344 03 Qi) Ml

by

yosoaddy pawij )

uany buyquyt) Sunig UL 40}
354007 uo Qwj i) Bus 1241 31 3¢ Q0
-—o> L > £
u1
! — emem \— \I\/ - Wi N
u0§3395433u] 3¢ OWH 41 D) 5103290
(3ded4a3u] 3doLsapil9) dvi awpRy 24V

~]
(
\\c\ avi

(3d93433u] 43Z}18207) 4!

3-4

o

4

AR SN T NT
I PP S L T s I DT PO Sy RN T Ty g pend .

Nl araiads 223 o 2 e




q
3
:
3
w

e

Sy T EERN A TR

ey R T s

(8urpue}-03-uiniay L1eUOFINEDILJ/PUNOIY-0) £Louadasuy)
471408d IHOIId ¥4I WALJ0OITdH ILISOAWOS "€-€ 2an314

yoeoaddy 31nd3x3

aul|497uad Aemund N ~
= FENILY dayaey
AP JLPPIN J93ny
LD YA JOINEL Y3A X} 4IAOK Y )

U013 ISURLY

S\U

~.
~
aNNoYY-09
3doys3 - 492} 1 €207
ADNIOU3W dosamnat —V ~1da3493u]
~N
WpnILILY 3305 03 qwi L)
2Jedg-ug-3ulod
03 djebraeN ajeg yoeouddy |euiy
03 S401JI\ sepey

3-5

e AR o o L

s
o8

I T R I SV P TS W o s

Ry




TR

TRET L oy A

bty

O
4

[

[RPURE R

T T A T e — e

HOLD at [ntersection

Intercept and
Track Radia?

Climbing Turn
I to New
/ Heading

(1}
Circding Minymums Qlimt Straignt

Ahesd te Crrcling
Minimurs

Middie Marker—e
FAFf ™ L»

Outer Marker— Intermeciate Aporoach

} HOLD at IF for Timed Approach
} ATC Radar Vectors to FAC

Standard Termina?
Arrival Route (STAR)

HOLD Enroute

} Navigate to Point-1n Space (Intersection)
Descend Enroute
]cnm tnroute

ATC Weather Avoidance
Assistance (Radar vectors)

Cruise Enroute

Climd Enroute

Standard Instrumert Departure (SID)

IMC C1imbout on Runway Heading

Final Approact J

VFR Climd

] VFR acceleration to minimum JFR sirspeed

Figure 3-4. COMPOSITE HELICOPTER IFR FLIGNT PROFILE
(PLAN VIEW)
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ESTIMATING AUXILIARY TASK WORKLOAD REQUIREMENTS

As discussed in Section 2 of this report, the auxiliary tasks
which a pilot is required to perform are, in general, fairly predict-
able, definable and dependent upon the operational environment.
Conversely, that portion of a pilot’s attention required to control an
aircraft may vary widely dependent upon such factors as: aircrew
experience, skill level, mental and physical well-being, environment,
and the flying qualities of the aircraft. Determination of the aux-
iliary task workload requirements will, however, yield that remaining
portion of a pilot’s attention available for aircraft control. Before
attempting the quantification, two questions must first be addressed:

e During which maneuvers will a pilot allow/permit, or prefer to
accomplish, auxiliary tasks 1f given a choice?

¢ During which maneuvers are externally generated, auxiliary tasks
mo3t likely to be forced upon a pilot?

These questions should be answered in light of the two types of
pilot tasks used in the definition of pilot workload -- flight control
tasks and auxiliary tasks. In order to arrive at preliminary answers
to these questions, 2 number of pilot interviews were conducted and
instrument instruction schools were queried. In respect to the first
question, it was almost invariably felt that a single pilot, given a
choice, will elect to defer auxiliary tasks until the more ideal flight
conditions are achieved -- i.e., when straight and level rather than
turning, climbing, or descending or transitioning from one of these
phases. Moreover, in a steady state climb or descent not exceeding an
approximate rate of 500 fpm, a pilot could and would accept an auxil-
jary task of a relatively short duration.

The second question, however, recognizes that the choice is not
always left to the pilot and some auxiliary tasks may be forced upon
him at undesirable times. Examples of the latter are of two kinds ~-
unanticipated and anticipated. Unancitipated task loading, such as
change of clearance in the early portions of a Standard Instrument
Departure, are an inescapable and recurring situation. Worse, is the
unwelcomed, yet anticipated, auxiliary task loading associated with
holding (knowing that further clearanc«s are to ccme while executing
the holding pattern) and the missed approach.

It should be further recognized that in additior to the expected
auxiliary task workloads associated with departure, holding and missed
approach; the enroute portions of IFR flights can be equally demanding,
or even higher, in terms of auxiliary workload, especially when flying
in high-density traffic areas.
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An underlying truism which should temper any analysies of pilot
workload is that there are flight conditions under which an unusual
attitude can develop if a pilot makes the mistake of accepting an
auxiliary task when the flight control task will not permit it.
Additionally, although pilots may prefer reduced auxiliary task-
loading during the more demanding maneuvers, there is little they can
do about it when undev IMC conditions and under the direction of ATC
facilities.

One important cockpit management factor must be taken into
consideration, however. No matter what requirements may be placed on
the pilot by ATC, he has one undisputable capability: the distribution
or segmentation of awtiliary tasks to compensate for the need to attend
to flight control tasks. In other words, the pilot is not expected to
drop everything to respond to ATC requests immediately. He may elect to
accomplish unexpected auxiliary task requirements in segments rather
than totally neglecting, or subordinating, fiight control tasks or,
with respect to distribution, he may defer the entire task or segments
cf the task (depending on the circumstances) for & few moments to avoid
total or excessive subordination of the flight control task.
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METHODOLOGY TO DETERMINE AUXILIARY TASK WORKLOAD LEVELS

The methodology and its selection described below was accomplished
independent of, and is in agreement with, Reference 12. As discussed in
Section 2, the total workload of the ailrcrew can be divided into two
parts; namely, the workload associated with the flight control task and
workload associated with auxiliary tasks. Auxiliary tasks can be classed
as either overt (e.g., copying a clearance, performing checklist items,
etc.) or covert (e.g., mental processes, decision making, etc.). Of the
two types of auxiliary tasks, the overt ones are more easily observable
and lend themselves more readily to quantification and estimation of
workload required.

Certain of those overt auxiliary tasks can be easily predetermined
for all the flight segments of the Composite Profile and their respective
phases and subphasez. These generally are ATC-related tasks and they
represent a substantial amount of the total auxiliary task-loading that
exists; thus, allowing the analyst to approximate that portion of a
pilot’s attention available for flight control tasks. Four specific
situations were identified, by reviewing the Composite Profile narrative,
as being critical flight segments (e.g., those having the highest poten-
tial auxiliary task-loading): Departure, Enroute, Holding, and Missed
Approach. Auxiliary tasks during the final approach segment (Figure 3-2)
are, for the most part, subordinated by the pilot to maximize attention
to the flight control task. Also, the ATC system, by design, tends to
minimize its contacts and requests during this segment. Therefore, the
final approach segment was not considered as a candidate for examination.

The methodology chosen was to conduct time line analyses of those
selected auxiliary tasks for each of the critical flight segments. The
tasks selected for analysis were the easily observable tasks which are
readily quantifiable and ideal for time line analysis procedures. This
accounted for the vast majority of auxiliary tasks.

All tasks for the four flight segments of interest were itemized
(The complete itemizations are presented for reference in Appendix C).
The overt auxiliary tasks were listed in detail sufficient enough to
facilitate later assignment of the time requiremen:s to complete each
task. The flight control tasks were listed only in a general manner
becauze they would not require substantial quantification during the
analyses, but were necessary to provide continuity to the sequence of
events in each flight segment.
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TIME LINE ANALYSIS OF CRITICAL FLIGHT SEGMENiS

Time line analyses operate on the principle that workload can be
operationally defined by the ratio of the time during which an operatcr
is performing some task-related activity to the total time available.
When this ratio is one, so that the operator 1s constantly occupied by
some aspect of the task, then his workload is considered to be 100%.
This method is valuable as a rough approximation of workload. It does,
however, have two limitations: First, it makes no distinction between
the levels of demand and time~sharing; and, second, it 1is normally
restricted to recording "overt" activities (Reference 13). .

Ve sy i 3 ey

L e B

The first limitation is accounted for in part by recording only
those auxiliary task activities which required an obviously substantial
level of attention. Substantial means that the task would draw the
pilot out of the flight control loop to such an extent that there was
no doubt that the flight control tasks would have to be subordinated.
The second 1is one that is addressed by the academic conmunity with
nearly as many approaches and solutions as there are participants in
workload assessment projects. There was no misgiving about the use of
only overt activities, since the purpose of the analyses in this sec~
tion is to allow the approximate determination of that portion of the
pilot’s attention available for aircraft control.

-t i ive i pieec ver b o P I

b Three major factors directiy impact the auxiliary task workload
R during helicopter IFR flight. Any attempt at their quantification in
b the workload assessment process would tend to become a subjective

1 task. Their effects on auxiliary task workload are addressed below:

® the capability to distribute or segment auxiliary tasks varies
’ from one pilot to the next and is used differently;

T R,

o the area being navigated determines the types and quantity
(thus, frequency) of ATC-related auxiliary tasks (e.g., TCA
versus cross-country in low~density traffic area);

S

e for a given flight, a change in airspeed will change the amount
of time available to complete the required tasks, thus changing
the denominator of the time line analysis ratio.

The three factors cited ahove were addressed in the time line
] analyses, by making the following basic assumptions:

o distribution capability was not significantly allowed, in order
to reflect closer to the average minimum helicopter pilot than
! the highly experienced, well-disciplined pilot. Limited segmen-
‘ tation capability was applied by allowing pauses of 10-15 seconds
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between short, sequential, auxiliary tasks. In the case of the
more lengthy tasks (reviewing approach charts and calculating
flight information), it was assumed that pilots would inher-
ently not desire to be out of the flight control loop for
periods longer than probably about 30 seconds. Such momentary,
in-the-loop periods were not interspersed during those tasks
because they vary from one pilot to the next, and also would
not affect the numerator of the time line inalysis ratio
significantly;

e a high-density traffic area was used since that is the ultimate
operational environment within which an aircraft is certified to
operate, except for SFAR and special waiver situations;

o effects of airspeed (distance travelled for a given period of
time) were not directly considered in an effort to develop a
set of conditions as constant as possible for the analyses.

Two other basic assumptions were made to establish conditions for
the time-line analysis:

e the analysis was conducted based on single pilot operation.
This frames the workload assessment, in the most basic terms, E
which is applied in later sections of this report. It must be
remembered that the analyses are concerned primarily with
determining the total approximate overt auxliary task workload,
not the effects of various aircrew manning levels; !

o Equipment configuration was established at a relatively unsophis-
ticated level. Cockpit configuration included a single VHF NAV
receiver, dual COMM receivers, and only minimum required instru-
ments and equipment for IFR flight. Aircraft configuration was
established as a single-engine, single-rotor, helicopter with no
augmentation subsystems requiring cockpit management and no
autopilot-type functions (i.e., attitude retention, automatic
navigation modes). No flight director system was included.

e

4. . Deekoarste

It must also be remembered that, for this study, the purpose of
these time line analyses 18 not to record the varied minutiae and levels
o . of attention associated with the non-flight control activities of each
. . critical segment. Rather, their purpose is to demonstrate the extent of
possible periods of auxiliary task workload and to cstimate those periods

in which a pilot is drawn almost totally out of the flight control ]
loop.
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A sample time line analysis format is provided in Figure 3-5.
Resulys of the time line analyses for each of the four critical
flight segments are presented graphically in Figures 3-6 througn 3-9.
The four are shown together for comparison in Figure 3-10. A brief
summary of the flight segment accompanies each time line analysis. An

itemized list of specific tasks analyzed for each segment appears in
Appendix C.

Refer to Figure 3-5 for a guide to interpretation of the graphs.
Time is shown in minutes along the horizontal axis. The time required
to complete the selected auxiliary tasks is recorded to the tenth of a
minute using vertical blocks along the time axis. The height of the
blocks is unimportant. Each block represents a single auxiliary task.
For example, the first block (0.4 minutes in duration) could be the
time it takes to receive and copy a lengthy clearance from ATC. The

second block (0.3 minutes) could be the time it takes to read back that
clearance.

Various periods of activity are isolated by marking their durations
below the time axis. The workload for activities recorded (in this
case, ATC-related auxiliary tasks which definitely take the pilot out
of the flight control loop) is given as a percent for each period. The
percentages are derived by dividing, the sum of the time expended on
activities within a period, by the total time (duration) of the period.
For example: 90X for Period 3, Figure 3-5, was derived by dividing 1.8
(1s4 + 0.4) by 2.0 (duration). Appendix C contains a sample procedure
for the Departure Segment, reproduced in its entirety. The periods are
selected arbitrarily for the flight segments of interest in an effort to
identify those peak periods of activity for the tasks selected.
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SAMPLE

DURATION OF AUXILIARY TASK ACTIVITIES F

e AW |

S
{5
AR ARLLAEN..... '
¢ 1 2 3 & v & 7 8 9 b U 12 B M I {
TIM (minutes 8 Tewtns) 3
A
| Period 1 * 363 ! \ Period 2 = 591 1 E
4
L
. Total Period = 37t ' 3
L]

TIME PERICDS OF ACTIVITY ;
—1_‘ \Period 3 | |

= 90% :
1
AUXILIARY TASK WORKLOAD FOR GIVEN PER!@/ ‘;
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5 Figure 3-5. Sample Time Line Analysis Format. ;
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TIMEL LINE ANALYSIS

)
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] 10 11 12 13
TIM (minutes & 1entny)

Peqlod 2 = dz lPermd 3 =50 ,
f 1 r 1

Total Period = 41

S |

Figure 3-6.

The Departure Segment includes the IMC Climbout and Standard
Instrument Departure, and possibly initial portions of the Climb .
In this situation the pilot first maintains
a relatively high power setting for a desired rate of c¢limb, then
commences to execute either a SID or similar ATC clearance.
executing a departure clearance, pilots occasionally receive amend-
ments and must comply with course changes.
changing or amending the pilot's initial clearance is not only in
the navigation portion of auxiliary tasks, but also in the addi-
tional communications workload imposed on the pilot.

Enroute flight phase.

Time Line Analysis, Departure Segment.

list of tasks is presented in Appendix C.
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TIME LINE ANALYS!S

A AL R IR
3 4 5 6 7 8 9 10 1 12 15

0 1 2 13 14
TIME (MinuTES B TENTHS)

1 Period 2 = 73 :

1 Period 1 = 60 |
L L v )]

Total Period = 34

T

LPermd 3:=289
I

—tv

: Figure 3-7. Time Line Analysis, Enroute Segment.

Siatra 0]

The Enroute Segment includes those portions of the flight after

: the helicopter has reached the initially assigned cruising altitude,

= with departure procedure complete. It encompasses straight and level

A flight as well as climbs and descents enroute. The enroute portion of
{ IFR flights can be quite cumbersome when traveling through high-density
traffic areas such as Terminal Control Areas (TCAs) and the Northeast
Corridor. A detailed 1list of tasks is presented in Appendix C.
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TIME LINE ANALYSIS

l—-lst Pattern — |—— 2nd Pattern

ey I T Ty lvvw,vwmm"vlvvv—vwwwlwu-l"w'———&
0 1 2 3 Ul 5 6 ? 8 Y 0 1 12 13 1 15

TIME (MINUTES & TENTHS)

. Period 3 = 58 , Period 1 = 10 \ Peiriod 2 = 25%
I

T

Jotal Period = 26“

Figure 3-8. Time Line Analysis, Holding Segment.

The Holding Segment can be either of the published or unpublished
type. Typically, a published holding pattern will be reasonably simple
no matter which direction the turns are. The more complex holding
patterns involve those which are unpublished. An example of this would
by when ATC directs an IFR helicopter to hold at a pvescribed intersec~
tion on an unpublished radial which requires an entry other than direct.
This is the situation addressed here, beginning at th~ cruise flight
condition prior to receiving holding instructions from ATC. A detailed
list of tasks appears in Appendix C.
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TIME LINE ANALYSIS

}———~———~ Holding Requirement
lst Pattern 2nd Pattern

I (
yvvw-lwmvwwwvwvl—lvwvn"lqnﬂvlrvwvn m'—u,. rv'vwv'vw'vmwmy——‘
0 1 2 3 4 5 6 7 8 9

v 1l 12 13 14 i5
TIME (MINUTES & TENTHS)

Period 1| = 61° Period 2 = 30%

Total Period = 30

Period 3 = 46

——
e

Figure 3-9. Time Line Analysis, Missed Approach Segment.

The Missed Approach Segment is usually a high-stress situation.
A more complex missed approach would typically consist or: changing
from a rate of descent established on a final approach to a high
power climb on runway heading, climbing turn to a new heading (still
with a considerable climb rate), intercept a VOR radial and climb to
an intersection for holding, possibly with level off during the hold-
ing pattern. Throughout this flight segmert, there are considerable
auxiliary tasks incurred which cannot be put off easily. A detailed
list of tasks is presented in Appendix C.
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FINDINGS OF TIME LINE ANALYSES i

The results of time line analyses for the four flight segwents of
interest are shown together for comparison in Figure 3-10. These reflect
the auxiliary task workload for each segment, and selected periods of
concentrated activity. Appendix C details the complete list of those
tasks addressed in each flight segment.

When comparing tie results, it was found that a relatively high
auxiliary task workload (greater than S50%Z) existed in all four of the
flight segments for one or more or the example periods. The durations
of the high workload periods ranged from just under two minutes to a
full five minutes. The shortest was Missed Approach Period 1 (61% for a
perind of 1.8 minutes) and represented the initial climbout of the ]
departure segment wherein the pilot received an amended clearance and 1
was drawn out of the flight control loop to copy and readback a clear- ;
ance, then recalculate portions of his flight plan. The longest period
of high auxiliary task workload was Enroute Period 2 (73% for a period
of 5.1 minutes) and represented a portion of the enroute segment wherein
the pilot changes to the next ATC facility, makes a required position
report, and then reviews approach charts in preparation for an imminent
arrival at destination. Within the longer period, Enroute Period 3 is
shown at 89X for 2.8 minutes to exemplify the consequences of accepting
certain auxiliary tasks without any segmentation of tasks. The first
block in Period 3 represents reviewing approach and missed approach
procedures for destination; while the second is the locating and pre-

iminary review of the alternate approach chart.

The significance of the time line analysis results is that
approximations are established that confirm that there are definite
requirements for auxiliary tasks that would:

e draw a single pilot out of the flight control loop for periods
ranging from 10-15 secends to as much as cne-and-a-half minutes
(without segmenting tasks); and that

e concentrated periods of auxiliary task requirements exist that
can last for as much as two to five minutes.

The significance was stated above in the most basic terms. But the
importance of those findings is farther reaching, with implications that
directly relate to the dynamics of a heiicopter in the stability and
control sense. They are especially important when it is anticipated that
the combined man-machine performance will be expected to maintain a level
of achievement (i.e., performance objectives, which will be developed in

Section 4). These and related implications are summarizel in a general
sense below:
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each helicopter will typically depart from an established
flight path if left unattended, or if uncorrected, toc an
extent dependent on its own, inherent flying qualities.

knowing that pilots will be drawn out of the flight control
loop to satisfy certain auxiliary task requirements, it is then
expected tha* an adequate level of flying qualities must be
inherent, or provided, for those periods of concentrated aux-
iliary tasks.

when concentrated periods of auxiliary tasks are required, the
man-machine combination must still be able to maintain a level
of performance ~ thus, requiring an adequate level of flying
qualities.

adequate flying qualities can be provided in several ways:
through design, to be inherent; or through artificial means that
range from relatively simple, mechanical stability augmentation
to sophisticated, autopilot systems.

lacking the means, or desire, to provide the appropriate flying
qualities commensurate with the "pilot-out-of-the-flight-control-
loop" periods identified earlier: the auxiliary tasks required
of the single-pilot (which draws him out of the loop) must be
reduced - this can be done by means such as improved avionics
which facilitate the ATC/COMM/NAV tasks (like DME ground speed
and/or ETA readouts, pre~programmed radio frequencies, etc.);

or, there must be a sufficient crew mauning level to accomplish
all required tasks.

the consequences of short periods (10-15 seconds) and long
periods (as much as one minute) of auxiliary tasks are differ-
ent in that departure from desired flight paths can be signi-
ficantly greater in the latter.

if oaly short periods of auxiliary tarks were encountered,
there could be a minimum of stability augmentation necessary.

if long periods nf auxiliary tasks are to be anticipated. then
some means of flight path maintenance could be expected - such as
sufficient augmentation, autopilot or a second pilot.

it appears that the auxiliary task workloads (which require a
pilot to be out of the flight control loop) are such that they
could be handled in their entirety by one person alone with a
reasonable reserve remaining, given that they were the only tasks
required of that person.

3-20
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SECTION &

PERFORMANCE OBJECTIVES

INTRODUCTION

This section addresses a central question to the development of
any workload evaluation process. Given available flight control
workload established, what are the performance limits? Two levels of
routine performance are addressed (normal and adequate) plus one level of
non-routine/emergency (transient) performance. Guidelines are established
for adequate performance objectives.

The interdependence of workload and performance is described as it
applies to flight control tasks and the amount of time and effort avail-
able for them.
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GENERAL

A central issue in the determination of satisfictory handiing
qualities for IFR certification of helicopters is the requirement that
the pilot/aircraft system be capable of achieving a specified level of
performance with an acceptable level of air crew workload for a given
set of conditions, configuration, and task. For this discussion it
is beneficial, from the standpoint of standardizing the terminology on
this subject, to note two fundamental definitions as related in Appendix
A and excerpted from Reference 3. These are the well known Cooper-
Harper definitions of Performance and Compensation. They are defined
as:

e PERFORMANCE - The precision of control with respect to aircraft
movement that a pilot is able to achieve in performing a task.
(Pilot-vehicle performance is a measure of handling performance.
Pilot performance is a measure of the manner or efficiency with
which a pilot moves the principal controls in performing a task).

¢ COMPENSATION - The measure of additional pilot effort and
attention required to maintain a given level of performance in the
face of deficient vehicle characteristics.

The term "COMPENSATION" is needed for discussions here and in
later sections of the report. It indicates that a pilot must increase
his workload to improve aircraft performance for a given aircraft and
task and is related to the difficulty a pilot has in completing a task
with the precision required for that specific task. The total workload
is the sum of the workload due to compensation (for the haudling
qualities deficiencies of the helicopter) and the workload due to the
task (Reference 3).

Pilot workload descriptors for different levels of coupensation
needed for different levels of handling qualities for a flight control
task may be generated. The following descript.ors were develop~d here to
be representative of the compensation levels as required for flight
control and are applicable to helicopter IFR operations:

e Minimal pilot compensation. Control techniques are relaxed.
Continual pilot involvement in short and long term flight
control task.

e Moderate pilot compensation. Pilot is moderately involved in
the flight control task, but must continually correct the short
ters state of the aircraft.
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o Considerable pilut compensation. Pilot is heavily involved in
the flight control task. The pilot would not intentionally plan
to encounter this level of effort for more than 5-10 minutes.

o Extensive pilot compensation. Pilot is very heavily involved in
the flight control task. The pilet would not intentionally plan
to encounter this level of eiffort.

¢ Maximum pilot compensation. Pilot is totally involved in the

control task. The pilot would not intentionaliy plan to encoun-
ter this level of effort.

The last two descriptors differ in that the level of pilot com-
pensation changes from extensive to maximum. The significance cf this
difference is that, although in both cases the pilot would not intention-
ally plan to encounter the level of effort, the last descriptor was added
to define the limit of pilot workload. This was done to assist in the
assessment of failure-mode operation of an aircraft and is discussed
later in Section 7.




DETERMINATION OF PERFORMANCE OBJECTIVES

An important issue in determining acceptable flying qualities for
IFR certification of helicopters should obviously be to establish those
performance objectives which an instrument pilot should be expected to
achieve when utilizing his aircraft system. A review of numerous
publications was made to determine performance objectives that were
directly applicable to IFR operations. The most pertinent availlable
document that specifies operational performance objectives in quanti-
tative terms was Advisory Cirular AC-61-64, Flight Test Guide: Instru-
ment Pilot-~Helicopter (Reference 14). The performance objectives as
stated therein for altitude, airspeed and heading were used as a basis
for developing those to be used in this study because they represented
the demonstration criteria (minimum performance levels) for helicopter
instrument pilots. Applicable criteria were extracted and used as a
basis to quantitatively present limits of performance for flight maneu-
vers to be developed later in this report. Adequate Performance Guide~
lines (Table 4-1) reflect the minimum performance levels extracted
directly from Reference 14. These guidelines were recognized as applying
to the minimum level of achievement for a "nominal-bad" IMC day. A
better than adequate performance level is both desired and expected for
less than that "nominal-bad" IMC day.

In addressing those objectives, congideration must be given to
factors such as thz readability and responsiveness of cockpit instruments
as well as the anticipated capabilities and skill levels of the pilot for
whicih the aircraft is being certified. Oaly adequate performmance
guidelines cre offered for reference, since it is felt that only adequate
objectives are proper to ask for and identify in defining a level of
safety for IFR operations. The better than adequate performance could be
described as normal/desired and is an improved level sought by manu-
facturers and owners/operators. It is generally determined between
themselves in the form of (0. by selec'ion of) avionics or system options,
equipment specifications, and the levels of pilot qualifications and
proficiency.
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TABLE 4-1

ADEQUATE PERFORMANCE GUIDELINES

Alticude Arspeed Heading
(Fe) (hay (deg)
Straight and Level Flight: +10C 210 20
Turns: level, cliambing, descending;
standard rate, timed turns +100 +10 o
to heading; steep turns.
Climbs and Descents: Constant #200 ft/min +10 *10
speed; Constant rate;
to altitude
VOR Approach: (descend at the e < 100 ft +10 NA
proper vate to MDA) below alt
no descent
below MDA
ILS Approaci::
no descent
below DH
e < full
- e < 100 ft *10 deflection
7 below during of CD1
o initial app
! e < full
' deflection
) of GSI
- | LOCALIZER Approach: e < 100 ft
= (descend at proper rate to MDA) below duriug e < full
E initial app +10 deflection
£ s : of CDI
o no descent
- t below MDA
E; .
-
. ADF_Approach: " +10 NA
3 Engine ~ Out: Single engine NA #10 kt 420
of recom~
g sended
Twin engine 100 fe #10 kt +20
A

)

AR RS R LY NP EAPTS TN IS D4 S M T e et A4 e
22 AN < ;

| e © m aanpacane

LEGEND: e = error
</> = less/greater than
NA = not applicable
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PERFORMANCE AND WORKLOAD INTERDEPENDENCE

During the conduct of a flight operation or flight phase, any
judgment of the handling qualities of a given pilot/vehicle system, for
a given task, quickly reveals the strong functional relationship
between performance and workload. The study areas of performance !
(precision of aircraft control) and workload (pilot effort and atten-~
tion) are extremely interdependent handling qualities factors and
obviously are subject to tradeoff by the pilot. In general, it is
always presumed that precision of aircraft control cannot be defined or P
related independently of the amount of effort and attention provided by . 4
the pilot in the conduct of any task (Reference 3). Therefore, when- :
ever a level of workload is discussed, a level sf performance is
implied. Three categories of precision of aircraft flight control
(normal, adequate, and transient) are discussed in this section. The
tradeoff between these performance levels and levels of pilot workload
is readily understood.

RO RA ke

G AL Ay

As an example, two cases are discussed. First, for a specific
helicopter and a given level of handling qualities factors (such as ;
stability and control characteristics, displays, etc.), the pilot may 4
achieve normal flight path control! performance with flight control 4
workload levels which do not exceed moderate pilot compensation. He 1is
not totally involved in the flght control task but must continually
correct the short term state of the alrcraft. The pilot may, at times,
approach a marginal normal workload level. In the second case, for a g
i different helicoper that has poorer handling qualities characteristics
(as compared to the vehicle in the first example above), the pilot may o
| achieve only adequate flight path control performance with flight
control workload levels which do not exceed moderate pilot compensa-
= tion. If he desires to achieve the higher precisien of aircraft control

; defined as normal flight path control performance, he will have to
£ ] increase his flight control worklvad Jevel. He can compensate for
: certain deficiencies of this helicopter and it 1s tolerable to him, but
: if he is asked to continually provide greater precision of aircraft
P control, he will probably require that the handling qualities of this
aircraft be improved.
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= The following general definitions are provided for Normal (Desired)
5y and Adequate performance:

R Lr fae

Normal /Desired Performance —- that performance which a pilot is

expected to achieve during day or night IMC operations in a

; lightly turbulent or better environment. It is that performance

- limit which is readily obs.~ved by a motivated pilot qualified in

type, and current in model. *
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Adequate Performance -~ that performance limit which may be
approached during IMC operations in a moderately turbulent
environment. It is that performance limit which can clearly be
observed by a pilot qualified in type and current in model, with
no motivation other than that provided by the normal desire of a
pilot to maintain safe flight operations.

A third level of performance that is identified is -- Transient
Performance. This third level of performance, however, mainly addresses
the dynamics of failure and short-term external disturbances which do not
lend themselves to a quantitative presentation of guide-lines. It tends
to vary (pilot capability aside) with each individual aircraft model.
Guidelines for this performance level were not formalized. They must be
determined relative to unusual flight conditions, which in themselves
define transient performance. The relationship of unusual attitudes and
flight conditions is addressed in the following pages. A gencral defini-
tion is given below.

TRANSIENT Performance —- that performance limit which may be
approached during IMC operations, as a result of unusuval turbu-
lence, engine failure, stability/control equipment {ailure, or a
crew blunder error. The pilot must not be misled by the resulting
conditior once alerted to the existence of the departure. Once
alerted, the pilot must be able to quickly and safely return to
normal operations without the tendency to misuse the controls.
That is, conventional control techniques shall not precipitate a
secor.dary excursion beyond one or more performance limit(s). To
proceed beyond this limit would place the aircraft in imminent
danger.

4=-7
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UNUSUAL FLIGHT CONDITIONS

Aay discussion of workload levels associated with helicopter
instrument flying would be incomplete without addressing the
subject of unusual attitudes and unusual f£light conditions that
could conceivably occur.

The FAA Instrument Flying Handbook, Advisory Circular 61-27B
(Reference 8) states that:

"An unusual attitude 1s any aircraft attitude not normally
required for instrument flight. Unusual attitudes may result
from a number of conditions, such as turbulence, disorienta-
tion, instrument failure, confusion, preoccupation with
cockpit duties, carelessness in cross-checking, errors in
instrument interpretation, or lack of proficiency in aircraft
control. Since unusual attitudes are not intentional maneuvers
during instrument flight, except in training, they are often
unexpected, and the reaction of an inexperienced or inade-
quately trained pilot to an unexpected abnorm-l flight atti-

tude is usually instinctive rather than intelligent and
deliberate."

There is a greater potential for urnusual attitudes and flight
conditions in helicopters over airplanes because helicopters have a
more complex relationship between power, torque, trim stability,
cross-coupling effects, etc.

Helicopter unusual attitudes, other than equipment failures and
vertigo-induced or turbulence-related, result almost exclusively (under
IMC) from high auxiliary task workloads when a pilot’s attention is
drawn to non-flight control tasks to such an extent that he allows the
aircraft to deviate from the intended flight path or attitude.
Similarly, un-noted equipment failures can result in an unobserved
error buildup during high auxiliary workload situations. Also,
note that turbulence can mask the force cues which normally combine
with visual cues to alert the pilot to erroc buildup.

In Section 3, certain flight segments were identified in which
potentially high, auxiliary task workloads existed. Those flight

segments are highlighted again below (a more complete summary of each
appears in Section 3):

® Departure -~ involving clearance changes and initial flight

navigation immediately following VMC/IMC tramsition during an
IMC climbout. .
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e Holding Patterns =~ involving pilot management of holding
pattern while recomputing or rechecking ETAs or flight plan on
the basis of delays caused by holding, or anticipation of
ammended clearance.

e Enroute (Cruise, Climb and Descent) -~ involving workload
normally associated with high-density traffic areas, the
extensive communications requirements in non-radar environments,
and circumstances such as receiving an ammended clearance or
the auxiliary task workload necessary to comply with SID or
STAR requirements.

e Missed Approach == in which both the decision-making and
communication workload is at a high point, while executing a
high power, high vertical rate, climbing turn.

Of importance here is that, with respect to the performance/
workload relationships in helicopter IFR operations, the potential
for entry into unusual attitudes and flight conditions exists
typically when high auxiliary task workload draws the pilot from
his flight control tasks. Although it 1s simplistic, it should be
noted that, once an unusual attitude is evident, a pilot will
subordinate all but those tasks necessary to regain satisfactory
control of the aircraft.

The workload relative to the possibility of unusual attitudes
and flight conditions must be viewed from two perspectives: first,
recovery in the event that they develop; and, second, prevention of
their occurrence. The peaking workload levels typically associated
with recovery from unusual attitudes can be characterized as
infrequent, random and of short duration.

On the other hand, the woriload associated with preventing the
occurrence of unusual attitvies can be characterized as continual
and everpresent. Also, that workload level will vary depending on
the handling qualities of the helicopter in question and the many
factors which affect those handling qualities. In effect, that
workload required to meet stated performance objectives for the
particular flight task will tend in itself to prevent unusual
attitudes of other than the turbulence-related or vertigo-induced
kind.
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SECTION 5

WORKLOAD /PERFORMANCE IMPLICATIONS FOR SINGLE AND DUAL PILOT OPERATIONS

INTRODUCTION

This section extends the undexstanding of the role of pilot
workload in the IFR certification process through a discussion of the
workload/performance implications for single and dual pilot operationms.

The flight situations (cases) are examined (reflecting the two
different types of workload): Enroute, which predominantly has a high
auxiliary task workload; and Approach, which predominantly has a high
flight control task workload. Each of the two cases is discussed with

respect to both single and dual pilot operations to clarify the vari- ;
ations in workload requirements necessary for each to achieve stated i
performance objectives developed in Section 4. Case discussions are j
graphically depicted utilizing the ple-chart scheme devloped in Section 2. . é
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GENERAL

In conformance with the framework and terminology used to depict
and relate aircrew workload factors and manning levels in Section 2 of
this report under the sub-title "DISCUSSION OF AIRCREW WORKLOAD FACTORS,"
the following discussion is offered. 1In Section 2, Figure 2-2, a ple-
chart system is utilized to depict the total available workload capa-
bilities for two-pilot (pilot and copilot) aircrew manning levels. 1In
Figure (b) of 2-2 the cross-hatched area represents that part of the
pilot’s total workload capability earmarked for "RESERVE" workload
capability. As defined in Section 2, RESERVE is that portion of the
(100%) total workload capability that an aircrew member chooses to keep
open or not allocated during routine/non-emergency flight situations.

Two critical IFR flight phase cases (outlined in Section 2) are of
interest. They are:

e IFR, Enroute Flight Phases with high auxiliary task workload
(Case 1I).

e IFR, Category I, ILS Approach Flight Phases with high flight
control task workload (Case I1).

Case I represents the Enroute situation where the fligh: control
workload is moderate and commensurate with the enroute flight phases.
However, with respect to auxiliary tasks, the case chosen here repre~
sents the moderate to high workload levels associated with heavy

: auxiliary task duties. On the other hand, Case II represents the
;,i precision flight control case for CAT I, ILS approaches. The flight
; control workload level is high and the auxiliary workload level is
f lighter and more typical for that associated with the later stages of
C intermediate segment of the approach (Figure 3-2) and "close-in" flight
; on final.

porTEo Y vu gt
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X The special conditions of weather and environment are as previously
mentioned in Section 2 and include moderate turbulence, crosswind from
45 degrees, gusts, wind shear, steady rain, night, and Category I type

F ceilings and visibilities.

In the following Sections (using the framework and terminology
depicted in Figure 2-2), additional pie-charts are constructed for both
critical IFR flight phase cases for both one and two~pilot aircrew
manning levels.
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ENROUTE FLIGHT PHASES (CASE I)

If the workload plechart is constructed to display the division of
flight control workload versus the auxiliary task workload for the
two-pilot, enroute IFR flight phases, it could appear as shown in
Figure 5~1. For these discussions, it is important at the outset to
understand that the exact or absolute values of the percentages are not
as critically important as the relative changes and total levels of
workload. In each case the plecharts are intended to depict, in a
general but authentic way, actual cases of pilot/vehicle versus work-
load level as manifested by some of the recent IFR certifications of
helicopters. During the survey trips and data/information searches,
certain material and commentaries revealed specific requirements and
criteria on allowsble flight control and auxiliary task workload levels
and current methods for workload relief. The plecharts attempt to
reflect general methodologies and parameters involved in these actual
cases as accurately as possible and the percentages are used in the
graphs not to reflect actusal, measured workload data but rather in the
sense that they may make the arguments for the different examples
easier to follow.

Two-Pilot Operation

In Figure 5-1, the piechart shows that the Pilot-in-Command (the
handling pilot) is flying a helicopter whose overall handling qualities
are such that he utilizes about half (50%) of his total available
workload capability for the flight control task for this aircraft in
the IFR Enroute flight phases. During some portions of the enroute
flight the workload may be lighter if everything is going well whereas
in other portions it may be heavier due to increased turbulence (or
vertigo), but for the nominal IMC conditions predicated here, it is
assumed as about 50% workload. The exact percentage is dependent on
many factors, but it is reasonable to assume, for the purposes of this
discussion, that an IFR certified helicopter exists that can be flown
properly by an experienced pilot in IFR enroute conditions and using
about 502 of his capability just to fly the aircraft on instruments.

He chooses to keep in reserve some portion of his total flight control
workload capability (15%) for unexpected flight control problems or
emergencies but nevertheless, he still has about one third (35%) of his
total workload capability open or non-dedicated.

It is assumed in this enroute case that the special conditions,
environment, navigation, communications, and ATC activities are such
that the workload level associated with these auxiliary tasks is
classed as high. It is a flight conducted in conditions where the
traffic density is high, where radar coverage, if it exists, does not
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materially reduce the associated auxiliary tasks to a significant

degree, and where generally there are sufficient clearance changes

and/or requests from the ATC system to require the copilot to utilize
about half his total workload capability just to accomplish all the
auxiliary tasks on the enroute flight phases. He has about half his
total workload capability open (non-dedicated) for other needs should
they arise. (It is interesting to note for this case that Geiselhart’s
studies (Reference 5) estimate that the ‘‘desirable" workload level for an
aircraft commander should not go ovei about 50 percent total.)

Both pilots are operating at a reasonably comfortable level for
this normal-mode condition (no failures) with this particular helicop-
ter. As far as the flight control performance/workload level of the
pilot (handling-pilot) is concerned, he 1s not heavily involved, but
his flight control inputs and techniques require that he continually
correct the short term state of the aircraft. He is providing moderate
compensation for this pilot/aircraft system and achieving adequate
flight path control performance.

One-Pilot Operation

In Figure 5~2, the piechart of Figure 5~1 is shown for the same
case but with no copilot on board the aircraft to perform the auxiliary
tasks. The helicopter (and its inherent flying qualities) is the same
one used in the example shown in Figure 5-1, except that now an attempt
will be made to cperate it with just one pilot instead of two. The
case 1s still the enroute flight phases with high auxiliary task
workload. The special conditions of weather and environment are the
same as stated earlier.

In Figure 5-2 the pilot’s flight control workload is shown as half
(50%) and is identical to that portrayed in Figure 5-1 since it is
still the same aircraft with the same flying qualities. Also, the
pilot’s reserve portion is shown as before. There is no copilot on
board the aircraft, so the lone pilot must also perform the auxiliary
task workload for this specific enroute case. Since the particular
circumstances of the flight have not changed (only the copilot has been
removed), the auxiliary task workload level formerly performed by the
copilot (50%, Figure 5-1) is now added to the pilot’s required workload
level.

It may be argued that with the copilot removed from the aircraft,
the auxiliary tasks for the lone pilot may be reduced slightly just due
to some blending, overlapping, and reduction in the two different
workload tasks. Admittedly, the ATC/COMM/NAV, etc., auxiliary task
workload level may be reduced a little just due to the absence of the
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need for intercommunication and interaction with the copilot, but in
reality the auxiliary tasks will probably be about the same as when
two pilots were on board the aircraft.

With the aforementioned in mind and with reference to Figure 5-2,
the pilot is required or needs to assume total control of the flight as
the sole pilot on board the aircraft. He must perform the same flight
control workload as before (50%, Figure 5-1) and also all the auxiliary

. task workload formerly performed by the copilot (50%, Figure 5-1).
However, for this particular aircraft and task, he cannot perform at
this workload level without intruding on his "RESERVE" and will reject
the situation. Before, in the two-pilot case of Figure 5-1, the
handling pilot was working at a flight control workload level of about
half (50%) and was willing or had the capability to increase it to a
maximum of about 85% (50% plus 35%, non-dedicated workload) without
dipping into his reserve. Now he is faced with accepting an auxiliary
workload level of 50% in addition to the flight control workload (50%).
The sum of these two workload levels is shown in Figure 5-2 where the
extra tota: workload level (15%) is shown extending into the right-half
ple (copilot’s side) and cannot be accomplished by the lone pilot
without using the reserve.

Again, the exact percentages are not important here since the
: plecharts are only intended to show that this helicopter (for this
2 enroute flight case and with its inherent flying qualities) may
o be satisfactorily flown with two-pilot aircrew manning levels but is i
i unsatisfactory for one-pilot aircrew manning levels. For the one-pilot i
case, the total workload must be reduced to acommodate his capabilities.
Since very little can be done to reduce the auxiliary workload signifi- ;
cantly, the reduction usually is applied to the flight control portion i
of the total workload. Although a DME or multiple waypoint RNAV system ;
may be installed to attempt to provide some reduction to the auxiliary }
tasks, workload relief is usually provided to the sole pilot with the ;
addition of SAS (or SCAS) systems and/or autopilots with attitude~hold
functions. The SAS systems and attitude~hold autopilots aid in reducing
his flight control workload. This re~allccation of the pilot’s avail-
able workload is shown in Figure 5-3 for the one-pilot manning level
example. The encroachment of the auxiliary task sector into the
territory representing the total worklcad capability of the pilot is
depicted by rotating the 50% circular sector (representing the ATC/
COMM/NAV etc., workload as shown in Figure 5-1) around in the clockwise
direction until it is entirely on the pilot’s side of the clart. Note
that this 1is accomplished at the expense of the workload level avail-
) able for the flight control task of the helicopter. For this single~
pilot case, the workload capability of the pilot that can be appor-
tioned to the flight control task is reduced to about one-third (35%)
as compared to 50X utilized before for the same task when there was a
copilot on board the aircraft. 1If this is to be a successful endeavor, E
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the flying qualities of this particular helicopter will need to be
improved so that the pilot’s flight control workload will be reduced to
the point where he can adequately and successfully participate in the
accomplishment of all the needed auxiliary tasks without exceeding a
tolerable total workload level or dipping into his reserve.

Of primary importance, in the dual and single pilot cases detailed
above, is the determination that the examiner is forced to make con=-
cerning the "allowable workload level" that the pilot expends on flying
or controlling the helicopter. The "allowable workload level" definition
used for this section is that integrated physical and mental effort
required to perform the specified flight control-piloting task. It is
that portion of workload which is apart from that required for the
ATC/COMM/NAV, miscellaneous cockpit duties, writing clearances, managing
or menitoring subsystems, etc.

Whether one accepts the illustrations made above concerning the
approximated or assumed divisions of workload for the various examples
as representative of typical IFR certification cases or not, the
general message that should be noted is that the maximum allowable
workload level SOLELY FOR THE CONTROL TASK OF FLYING THE HELICOPTER
which can be safely accomplished by the Pilot-in~Command under single-
pilot operations IS LESS THAN the maximum allowable workload level which
can _be safely accomplished by the Pilot-in~Command of dual-piloted
aircraft, (Figures 5-1 and 5-3). When there were two pilots on board,
the PIC could devote 50% (or up to as much as 85%) of his total avail-
able workload capability TU THE FLIGHT CONTROL TASK, (Figure 5-1). For
the same flight phases and single-pilot operation, the PIC has the
opportunity to allocate only about 35% of his total workload capability
TO THE FLIGHT CONTROL TASK, (Figure 5-~3).

It would be interesting to surmise what the allowable workload
level means to the flight examiner, the handling qualities test-pilot
and the stability and control engineer. In the first example, the dual
pilot example of Figure 5-1, the Pilot-in-Command has the workload
level (integrated physical and mental effort) available to fly a
helicopter that responds to gusts continually, has considerable cross-
coupling and is difficult to trim. He may sense a dutch roll response
that niggles him and he detects a long period mode that he is unsure of
but has the time and capability to handle or tolerate each adequately.
He is required to provide moderate pilot compensation and although he

is not heavily involved, he must continually correct the short
term state of the aircraft.

In the second example, the single-pilot example of Figure 5-3, the
workload capability he now has for the flight control task means that
he cannot fly the same helicopter depicted in Figure 5-1 on a single-
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pilot IFR flight. He still possesses the the same basic skills and
talents to do the same "tot~1l workload" flight control task when he had
a copilot but now the encroachment of the auxiliary tasks (ATC/COMM/NAV,
etc.) denies him the opportunity to allocate the needed or required
flight control workload portion for ti.at particular aircraft and
handling qualities. (The total of the two workload parts, the flight
control and the auxiliary workloads, will always equate to the same
total workload capability he had when he devoted his attention and
effort to only the flight control task of the two-pilot manning level
aircraft.). The 35X shown in Figure 5-3 means that he no longer has

the amount of available workload capability needed to perform the

flight control task for that particular helicopter and flying qualities.

As the lone pilot on board the helicopter, he now needs an air-
craft that is easy to control, does not respond readily to gusts
and turbulence, has minor or no cross-coupling effects and is easy to
trim accurately and quickly. It does not depart easily in the other
axes, the dutch roll damping is acceptable and there is no undesirable
long term motion. 1In order to provide such a2 system, the aircraft
could have an attitude SAS (or SCAS) system and/or attitude-hold
autopilot installed. Also, the PIC could have a display system which
solves or ameliorates the problems of short ani long term control
placements (a Flight Director) and achieves an adequate level of flight
path control and steering guidance. If needed, he may mitigate some of
his auxiliary task workload problems by installing a multiple waypoint
RNAV gystem and/or a DME system. In any event, with this system,
although he is required to provide almost continual short and long term
invclvement iu the control of the aircraft, his control techniques and
involvement are relaxed and he is operating at a reasonable level of
workload for the task at hand. Pilot compensation is at times minimal.
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APPROACH FLIGHT PHASES (CASE 1I)

If the workload piechart is constructed to display the division of
flight control workload versus the auxiliary task workload for the
two-pilot, IFR, CAT 1, ILS approach flight phases, it could appear as
shown in Figure 5-4. The same special conditions of weather and
environment detailed previously still apply for this case. Also, the
definitions, descriptions, arnd discussions on performance/workload
interdependence, and the adequate performance guideline (Table 4-1) are
utilized again for these examples.

Two-Pilot Operation

In Figure 5-4, the piechart shows that the Pilot-in-Command (the
handling pilot) is flying a helicopter whose overall handling qualities
are such that he utilizes about three-quarters of his total available
workload capability for the flight control task for this aircraft in
the IFR, CAT I, ILS Approach flight phases. The handling pilot desires
to keep his workload level high because he attempts to achieve the
performance accuracies necessary to make a successful approach and
landing for the spz2clal conditions of weather and environment prevail-
ing. The pilot may have a small excess, non-dedicated portiomn of
workload available (in addition to his reserve) for additional duties.
It could also be argued that in order to assure a high success rate and
proper tracking performance commensurate with the circumstances of CAT
1 approaches, that the handling pilot, when “close-in" on the approach,
will saturate himself with a high level of flight control workload
(85%) and subordinate, where possible, all other tasks in order to
obtain or exhibit the highest proficiencies and efficiencies associated
with difficult CAT I approaches. Depeading on many factors, either
examples are possible and reasonable.

As in the dual-pilot, Case I discussed earlier (Figure 5-1), the
copilot is responsible for handling all auxiliary tasks on the approach.
Since auxiliary task workload is quite variable during the approach,
it is assumed that the copilot will utilize an average of about one-
third (35%) of his total available workload capability on the approach.
As the approach continues both pilots may subordinate certain tasks in
favor of concentration on those tasks that will tend to assure a safe,
accurate, and successful approach and landing. In this way, the copilot
probably assumes an additional auxiliary task over and above the usual
auxiliary task workloads associated with NAV/COMM/ATC, selection of
systems, management of subsystems, etc. This additional auxiliary task
workload accepted by the copilot is ass.c.ated with his activities in
monitoring the approach quality, safety, and performance of the handling
pilot and also "looking-out" for IMC/VMC transition s the aircraft
approaches the decision height. Therefuce, he can alert the pilot on

5-11
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CASE 11
IFR, CATEGORY I, ILS APPROACH FLIGHT PHASES.

ADDITIONAL AUXILIARY TASK
WORKLOAD BY COPILOT DUE TO
MONITORING APPROACH PERFORMANCE
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Figure 5-4. Depiction of Total Workload for Two-Pilot,
IFR, CAT 1 ILS-Approach Flight Phases (CASE II).
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any blunders or unusual conditions of the approach as well as provide a
second set of eyes during transition to VMC conditions for the flare
and landing. Figure 5-4, shows that these two combined auxiliary tasks
may average as much as three-quarters (35X plus 40%) of his total
workload capability. Again, he may choose, for safety reasons, to
saturate his workload capability completely with the monitoring tasks
as the approach commences to the critical points (where presumably the
ATC/NAV/COMM tasks taper off for a time) in order to assist and enhance
the quality and safety of the approach. If a missed approach i{s made,
he aids the handling pilot by accomplishing all the auxfiliary tasks
necessary for a safe, proficient procedure.

As far as the PIC is concerned, he 18 busy and working pretty hard
for this high-precision, high-performance task but he 1s functioning
about as expected for this mission and well satisfied with the system
operation. 1In fact, the aircrew may have some excess capability
available which they consider normal and desirable for this particular
situation. The PIC enjoys the challenge of the approach and the little
excess workload capability permits him to adjust for occasional per-
formance lapses or have time to make extra corrections or judgments
without dipping into his reserve workload. He 1is working considerably
harder in this dual-pilot approach case as compared to the flight
control workload associated with the enroute case of Figure 5-l.
However, the pilot needs to fly at this relatively higher, but satis-
factory, workload level for only about 5~10 minutes and 1s achieving
adequate performance commensurate with the objectives of a CAT 1
approach. Also, he has the added assurance and safety provided by the
copilot and is not being asked to exhibit exceptional skill, alertness,
and controllability. He is achieving adequate flight path control
performance (Table 4-1) and is providing considerable pilot compensa-
- tion. The pilot is heavily involved with the flight control task and
he would not intentionally plan to encounter this level of effort for
more than 5 or 10 minutes on a CAT I, ILS type approach.

SO SR AT

One~-Pilot Operation

) ; In Figure 5-5, the plechart of Figure 5-4 is shown for the same
case but with no copilot on board the aircraft to perform the auxiliary
tasks. The helicopter (and its inherent flying qualities) is the same
one used in the example shown in Figure 5-4 except that now an attempt
will be made to operate it with just one pilot instead of two. The
case is still the one represented by the IFR, CAT I ILS approach

flight phases. The special conditions of weather and environment are
the same as mentioned previously (in Case 1).
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IFR, CATEGORY I, ILS APPROACH FLIGHT PHASES.
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Figure 5-5. Depiction of Total Dedicated Workload for Two-~Pilot

. d
IFR, CAT I ILS-Approach Case (II) Applied
to One-Pilot Manning Level.




Lasa o

O e cen A ¥ ey @

b e

e

In relation to the auxiliary flight tasks performed by the co-
pilot, there is one significant difference when the copilot is not on
board the aircraft. The additional auxiliary task workload performed
by the copilot and due to his monitoring approach quality and looking
out for IMC/VMC transition (as depicted by the 40% portion of auxiliary
task in Figure 5-4) is not transferable to the pilot. This is obvious
and it should be noted that the added safety and enhancement to the
approach due to this copilot workload is not present in the single
pllot case and is simply deleted from the argument here. However, the
other auxiliary task workload associated with ATC/COMM/NAV etc. (35%)
is needed and required to be accomplished by the pilot for this example.
This portion of the auxiliary task workload is quite variable during
the various sub-phases and segments of the approach. Frequently, as
the approach progresses, many of the auxiliary tasks will be subordi-
nated or not needed since the pilot will concentrate mos“ of his effort
and actention on the flight control task in order to achieve the high-
est quality CAT I approach. If he needs to execute a missed approach,
the auxiliary tasks associated with ATC/NAV/COMM, selection of systems,
chart reading etc. could again take up a considerable portion of uis
total workload capability as they did in the enroute phases.

Therefore, Figure 5-5 depicts the auxiliary task workload asso-
ciated with the ATC/COMM/NAV etc. duties (35%) added to the flight
control workload (75%) for the helicopter depicted in Figure 5-4. The
sum of these two workloads is shown in Figure 5-5 where the extra total
workload level (25%) is shown extending into the right-half pie
(copilot’s side) and cannot be accomplished by the lone pilot. As
before, in Case I, the exact percentages are not important here since
the piecharts are only intended to show that this helicopter (for this
approach flight case and with its inherent flying qualities) may be
satisfactorily flown with two-pilot aircrew manning levels but is
unsatisfactory for one-pilot aircrew manning levels.

The same workload relief methodologies mentioned for the similar
example of Case I may again be applied. The re-allocation of the
pilot’s available workload is shown in Figure 5-6 for the one-pilot
aircrew manning level example. As before, the encroachment of the
auxiliary task sector (35X, ATC/COMM,NAV etc.) into the territory
representing the total workload capability of the pilot is depicted by
rotating that sector around Iin the clockwise direction until it is
entirely on the pilot’s side of the chart. This is again accomplished
at the expense of the workload level available for the flight control
task of the helicopter. Since this significantly reduces his partici-
pating in the flight control tusk during portions or segments of the
approach (or missed approach), the flying qualities of this helicopter
will have to be improved as compared to those depicted for the dual-
piloted helicopter of Figure 5-4. The same general message of Case I
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CASE 11
IFR, CATEGORY I, ILS APPROACH FLIGHT PHASES.
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Figure 5-6. Depiction of Total Workload Capability
Modified for Onme-Pilot Manning Level for the IFR, CAT I
ILS Approach Flight Phases (CASE II).
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is ncted here also; namely, the maximum allowable workload level SOLELY
FOR_THE CONTROL TASK OF FLYING THE HELICOPTER which can be safely
accomplished by the Pilot-in-Command under single-pilot operations IS
LESS THAN the maximum allowable workload level which can be safely
accomplished by the Pilot-in-Command of dual-piloted aircraft, (Figures
5-4 and 5-6). Also, with no copilot on board, the monitoring of the
approach and the sighting by the co-pilot for VMC conditions as the
alrcraft approaches the decision helght is not accomplished.

In the first example, the dual pilot example of Figure 5-4, the
Pilot-in-Command has the workload level (integrated physical and mental
effort) available to provide considerable compensation and is heavily
involved in the flight control task. In the second example, the
single-pilot example of Figure 5-~6, the wo.kload capability the pilot
now has for flight control means that he cannot fly the same helicopter
depicted in Figure 5-4 on a single-pilot IFR flight. The 50% shown in
Figure 5-6 (and compared to the 75% in Figure 5-4) indicates that he
needs a helicopter with better flying qualities, where only moderate
pilot compensation is required. As the lone pilot on board and since
he is flying the approach phase where he is closely controlling the
aircraft, and has limited or subordinated some of the auxiliary tasks,
the PIC needs a helicopter where only moderate pilot compensation is
required. He is not heavily irvolved in the flight control task though
he must continually correct the short term state of the aircraft.

As in Case I, the lone pilot needs a degree of workload relief as
provided by systems such as SAS, SCAS, Flight Directors, Attitude-hold
autopilots, and/or RNAV, DME type systems.
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SUMMARY

Although the foregoing discussions and i{llustrations may appear to
be rather basic, and the findings obvious to some from the beginning,
the intent of the section was to provide:

e a rationale or fundamental basis for the division of the

aircrew workload into two parts -~ flight control and auxiliary
workload.

& a more structured approach or insight and understanding of the
numerous variables, facets, methodologies and logic utilized in

the determination of acceptable workload levz=l for the minimum
aircrew.

® a systematic approach to the impact and effects due to changes

in minimum required aircrew manning level (two-pilot versus
one-pilot).

o a better understanding of the importance of the determination
of acceptable workload level for individual aircrew members
when establishing the minimum required crew as related to the
IFR certification process of helicopters.

® a series of examples that depict the role and need of pilot
workload relief systems, such as stability augmentation, auto-
matic pilot type devices with attitude~hold type basic functions
and additional avionics like DME or preprogrammed multiple way-
point RNAV, for one-pilot IFR certifications.

The need to examine all the critical cases for IFR certification
of helicopters was emphasized. 1In addition to the importance of
analyzing the critical stability and control cases (aft c.g., high
powver/high vertical rate of climb, minimum approved airspeed, etc.),
the importance of carefully analyzing the pilot workload aspect of IFR
certification in the most critical cases was explained. These workload
critical cases include selection of those flight phases that most
represent the critical workload arena as well as stipulation of special
conditions and environment. The stipulations of special conditions and
environment include such items as weather, turbulence, wind shear,

night, crosswind, stress, ATC activity and traffic density, and termi-
nal type.

During the division of workload into two groups (flight control
and auxiliary) and in relation to the total workload capability versus
aircrew manning level, a fundamental, basic premise was determined; namely,
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that the maximum allowable workload level SOLELY FOR THE CONTROL TASK
OF FLYING THE HELICOPTER which can be safely accomplished by the
Pilot-in-Command under single-pilot operations IS LESS THAN the maximum
allowable workload level which can be safely accomplished by the
Pilot-in-Command of dual-piloted aircraft.
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SECTION 6

FLIGHT MANEUVER PATTERNS

INTRODUCTION

In secticn 3, the Composite Helicopter IFR Flight Proiile (which 1
was originally developed in Reference 1) was introduced as representa-~
tive of typical helicopter IFR operations. It is usable by the analyst |
in developing elements of a workload evaluation scheme that is appli- 3
cable to the process of certification of helicopters for IFR flight.
The Composite Profile was analyzed to approximate the pilot effort
available for the flight control task. Section 4 developed performance
objectives for IFR operations which a helicopter instrument pilot
should be expected to achieve.

As noted in Section 2, of this report, paragraph (j) of the ;
Interim Criteria stipulates that a rotorcraft must be flown in the ATC )
system under actual IFR conditions for at least five hours, "... with-
out undue pilot fatigue or exceptional pilot skill and alertness", and
to evaluate "... In-Flight IFR workload demands on the minimum required i
flight crew." Obviously this flight is required for a real world :
evaluation of "man" workload and "man-machine” performance. E

This section presents two flight patterns which are offered as sur-
| rogates of the Composite Profiles developed in Section 3. One profile
| addresses departure and enroute maneuvers while a second profile
; addresses approach and missed approach maneuvers. These IFR Evaluation
L % Patterns are offered as standard tasks for the evaluation pilot to
] accomplish for the purpose of determining the man-machine capability to
3 meet the stated performance objectives within allowable workload
limits. They are not intended to replace any elements of the certifi-
cation process, but to provide a supplementary assessment tool.
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DEVELOPMENT OF FLIGHT MANEUVER PATTERNS

In Reference 1 it was found that, when the many different opera-
tional roles of civilian helicopters were considered, each helicopter
must be prepared to contend with all events contained in a typical IFR
flight (e.g., the Composite Helicop-er IFR Flight Profile which was
developed for Reference 1). That Cr.uposite Profile is presented in
Section 3, and includes all probab'e events of a non-emergency nature.
They are based on two sources: (1) the services offered, and/or
requirements of, the ATC/IFR environment as it exists today; and (2)

contemporary flight techniques as taught and as practiced in the actual
helicopter IFR environment.

A narrative was developed for Section 3 to summarize the activi-
ties and events for each flight phase of the Composite Profile. 1t
states both flight control tasks and auxiliary tasks in a general
sense to provide a basis for development of flight patterns which:
first, relate to civil helicopter IFR applications and, secondly, are
usable as a basis for standardizing maneuvers to be used in evaluating

helicopters for IFR certification. The narrative summaries are presented
in Appendix B.

A review and analysis of each flight phase of that narrative
summary was conducted to identify all those flight maneuvers required
during the execution of the composite helicopter IFR flight. Although
the Composite Profile in itself appears complex, the actual flight
maneuvers required for its performance are reasonably standard. The
only major differences from one flight phase to the next were the
sequence in which they were to be executed and the varied combinations
of the same distinct maneuvers. The analysis of maneuvers was sum-
marized (see Figure 6-1) and it became apparent that only two separate
flight patterns would be needed to duplicate all the maneuvers required
to execute the Composite Helicopter IFR Flight Profile: (1) Departure
and Enroute, and (2) Approach and Missed Approach.

Airspeeds for the patterns were selected to approximate those most
likely to be used by civilian operators. Slow Cruise (Maximum Endurance
Speed) would be used primarily during holding patterns, especially when
pilots are close to destination and concerned with fuel consumption.
Fast Cruise (Maximum Continuous Power Speed) is most likely to be used
enroute, when no turbulence is evident, since it is the most cost
effective of the speeds for helicopters. Turbulence Penetration Speed
is that speed recommended by the airframe manufacturer and could be

necessary during any of the Composite Profile flight phases at one time
or another.
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Turns to both left and right were included for the various airspeeds
and climb and deacent conditions in an effort to accomodate the
potential for lateral/directiocnal stability and control asymmetries
among different helicopters. The Patterns developed are discussed
below:

The Departure and Enroute IFR evaluation pattern (Figure 6-2)
duplicates all maneuvers required for the departure and enroute segments
of the Composite Profile for both Fast Cruise and Slow Cruise, while
accomodating appropriate accelerations and decelerations. Maneuvers
required for all flight phases from IMC Climbout to Hold at IF (Inter-
mediate Fix) are accounted for.

The Approach and Missed Approach IFR evaluation pattern (Figure 6-3)
accounts for maneuvers required for all other flight phases, from Inter-
mediate Approach to Hold at Intersection following Missed Approach. Some
of the maneuvers utilized in the first Pattern were used again here,
allowing for their duplication at Turbulence Penetration Speed (TPS).
This pattecn was developed so as to simulate as closely as possible an
actual precision approach, including left and right turns of 15 and 30
degrees during a simulated final approach segment to duplicate the
possible corrections necessary to initially establish wind drift correc-
tions required to track the localizer course. Of importance in this
pattern is the Go-Around point at which the transition is made from a
relatively steady-state descent of approximately 500 fpm to a high-power,
high rate of climb, or to the maximum allowable IMC climb rate certified.
At the conclusion of the pattern, an additional go-around is recom-
mended from 50 knots (or minimum allowable IMC airspeed) and 250 fpm
descent.

While the patterns may appear to be both cumbersome and time
consuming at first glance, the need for thoroughness in any aircraft
certification dictates the development of patterns which are compre-
hensive. It should be re-emphasized here, that in no way are these
patterns intended to replace any test elements of the current certi-
fication methods. Rather, they are envisioned as supplementary work-
load assessment tools to the existing process.
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i Decelerate to Slow Cruise (DECEL)
i
+ Tevel off —_—
! A
¢~change to
500fpm descent
: Tevel off/start descent FAST CRUISE
. @ max vert. spd.
& ™
¢change to
. _ 7 500fpm climb
~ ! start max power climb -j——
! KN __./-
.i
I Accelerate to Fast Cruise (ACCEL)
]
+ level off .___“
+ «® N\
) +—change to
N e 500fpm descent

— leve) off/start descent @ max vert. spd. |SLOW CRUISE

( ," s\
*—ckhange to
'x_ ./ 500fpm c1imb

K4 ' N
: 1 -J-os‘art max rowe: climb (max vert. spd.)
. 4

(]

:

i

~ \J
P m—————rat -
Start at Slow Cruise _L_-l'EL—_ﬁD_ ]

Maximum Vertical Speed Rate
e e 500 fpm Vertical Speed Rate
oo Leve]l Flight

SLOW CRUISE = Maximum Endurance Speed
FAST CRUISE = Maximum Continuous Power Speed

Figu.e 6-2. 1IFR Evaluation Pattern: Departure and Enroute.
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(ACCEL)

A

TURBULENCE PENETRATION SPEED

i
i
i Accelerate to Fast Cruise

Tevel off —¥ "l‘
|

@——change to 500 fpm descent

GO-AROUND -p ——— < (Change from 500fpm descent
| to max climb at TPS)

|

|

& 15°
\

\
/€300

/
{e— 30°
\

‘e s

|
start 500fpm descentvb—r—/‘/
} -—
LAERN
level off-o-[_\' !
PRl l\q—/

U e———change to 500fpm descent

start maximum descent 3t TPS

] \. ]
' t i
1 g

t

-

I <«-level off

v
3 ’ e—gstart maximum rate descent at TPS
- f .
k (DECEL) , Decelerate to Turbulence Penetraxion Speed (TPS)
: : [ ieseno |
; i Start at Fast Cruise e Maximum Vertical Speed Rate
: — —— = 500 fpm Vertical Speed Rate
!3 - Level Flight
] ‘ SLOW CRUISE = Maximum Lndurance Speed
i FAST CRUISE = Maximum Continuous Power Speed
] ! TPS = Turbulence Penetration Speed
:
k ; Figure 6-3. IFR Evaluation Pattern: Approach and Missed Approach.
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SECTION 7

DISCUSSION OF A WORKLOAD EVALUATION SCHEME

INTRODUCTION

This section describes a workload evaluation scheme that can be
applied to the current FAA instrument certification process for heli-
copters. The proposed acheme observes the constraints stated earlier
while utilizing the results and findings developed throughout the
preceding sections.

In summary, Section 2 of this report defined aircrew workload as
consisting of two parts: flight control workload and auxi.iary task
workload; and described the relationship of these two parts to the IFR
certification process. Section 3 identified the flight control and
auxiliary tasks associated with specific segments of IFR flight and
quantified auxiliary task requirements using time-line analysis methods.
Section 4 delineated performance objectives for IFR flight and predi-
cated the interdependence of performance and workload. Section 5
discussed the workload/performance implications for single and dual
pilot operations as related to the IFR certification process. Section
6 developed maneuver patterns offered for use as appropriate assessment
tasks to be used by evaluation pilots in determining the suicability of
the pilot workload levels required to fly the aircraft.
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GENERAL

As stated in numerous Federal Aviation Regulations and other
government standards and criteria (Section 2), there is a requirement
to consider the workload of individual crewmembers in order to estab~-
1ish the minimum required flight crew needed for safe operation of an
aircraft within the National Airspace System. In order to fulfill this
mandatory requirement, actual flight testing is accomplished. Tue TAA
examiner it required to make a judgment on whether or not the workload
level of the minimum crew (individually rated) is acceptable for the
specific alrcraft, under the objectives of the certification requested.

ervom b s A = A b bbb

Precisely, what the specific "pilot workload criteria' are and how ;
they are to be evaluated or appraised has not been well documented in , ﬁ
the past. For example, one easily accessible document on Transport f
Category Airplanes (FAR, PART 25, APPENDIX D), appears to address the 3
matter most pertinently but even that Appendix provides little, if any, ;
guidance on the evaluation methodologies, appraisal procedures and }
workload level descriptors that determine acceptability and compliance,
(wvith the exception of other FAR sections stating that the aircraft
... must be able to be flown without undue pilot fatigue or strain, in
any normal maneuver for a pcriod of time as long as that expected in
normal operation."). Yet Appeniia D (PART 25) requires that even such
general, basic functions as the pilot workload level needed for the
flight path control task be considered and analyzed (PART 25, Appendix
% D, paragraph a,l).

- Auxiliary taske and other workload factors are also considered to
be significant and are required to be analyzad. Some of the items
mentioned in that FAR are (as excerpted in part):

® '"The degree and duration of concentrated mental and physical
effort involved in normal operations and in diagnosing and coping
with malfunctions and emergencies.

TAFNY

: e The degree of automation provided in the aircraft systems ...
o The communications and navigation workload.

e The possibility of increased workload with any emergency that
may lead to other emergencies."

The subject of evaluating, judging, and quantifying an acceptable
level of pilot workload and establishing the minimum required flight
crew for an aircraft in order to comply with existing regulations
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continues to be a controversial and essentially unresolved area for
certain aircraft. Even with some curreat airplanes (where the tasks

and levels of workload are apparently well known), the issues of
minimum flight crew and pilot workload criteria are still in some cases,

unresolved (Reference 15).

Reference 15 is also interesting because it documents continuing
efforts to resolve these minimum aircrew manning level issues even for
alrcraft that have been in operation for a long time. The aircraft
under discussion there is a modern civil airplane used extensively
(almost 10 million landings to date) in current air-carrier operations.
According to that reference, regul..tory criteria are used to “approve
cockpit staffing based on workload of the individual aircraft, taking a
separate look at each one." The reasons for the study of the addition of
an extra aircrew member seem to center on workload and related zafety
and/or failure-mode/emergency operation considerations.

Considering the recent increase in both the new models of all
sizes of helicopters and the apparent desire to fly them under IFR
conditions, the subject of minimum required flight crew and pilot
workload appraisal continues to be an important area of study. Given
the current regulations, requirements, and criteria (FAR 27.1523, 29.1523,
Interim Criteria, paragraph j, etc.), the determination of compliance for
this subject area can be aided by the development of a documented or
structured workload evaluation scheme. 1In order to initiate a preliminary
scheme, numerous subject areas such as pilot/vehicle handling qualities,
performance objectives, certification goals (such as IFR, CAT I, ILS),
and aircrew manning level (one-pilot, two~-pilot, etc.) must be addressed.
The discussions cffered in the previous sections of this report and the
following material, thus support the development of a candidate workload
evaluation scheme offered in the following paragraphs.
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ESTABLISHING A WORKLOAD EVALUATION SCHEME

As summarized briefly in the Introductory part of this section,
the previous sections of this report established aome initial condi-
tions and discussed a variety of topics related to workload evaluation
for IFR certification of helicopters. Some of the conditions and
findings that may be derived from the preceding sections are listed
below and are utilized as a starting basis for framing and establishing
the evaluation schenme:

e Regulatory requirements were identified that require;

1. Establishment of the minimum flight crew sufficient for
safe operation,

2. Consideration (and judgment) of (acceptable) workload level
on individual crewmoembers,

3. Evaluation of the ability to operate the rotorcraft satis-
factorily under (actual) IFR conditions in the air traffic
control system without undue pilot fatigue or exceptional
pilot skill or alertness,

4. Evaluation of the handling of the rotorcraft in rough air
turbulence,

5. Evaluation of the in-flight IFR workload demands on the
ninimum required flight crew.

e Two critical flight phases pertinent to the IFR certification 4
process and essential for flight-test consideration in the ;
! evaluation of pilot workload were selected and defined, namely;

Rl Ll

.s» TIFR, Enroute flight phases -~ for the case in which high
auxiliary task workload levels are encountered.

WLV

AP Yk KRN e

| 2. 1FR, Category I, ILS Approach flight phases in which high
flight control task workload levels are encountered.

e bR

e

e Total workload for the minimum required aircrew may be divided
into two categories and are defined as:

1. Flight control task workload.

2. Auxiliary task workload.
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e VWhen the workload required solely for the control task of
flying a helicopter is comnsidered; the maximum allowable flight
control workload level which can be safely accomplished by the
Pilot-in-Command under single~pilot operations 1s less than the
maximmum allowable flight control workload level which can be
safely accomplished by the Pilot-in~Command of dual-piloted
aircrafe.

¢ For one-pllot certifications, if worklvad relief is required it
is typically provided by means such as stability augmentation
systems, and/or automatic stabilization functions like the
attitude-hold feature of an autopilot, and/or additional aviomnics
or displays (i.e., DME etc.).

® Depending on the handling qualities of each specific helicopter
(e.g. stability and control, displays, task etc.), the pilot
will need tc provide the appropriate COMPENSATION (added flight
rontrol effort and attention) required to achieve stated
PERFORMANCE goals.

@ The total flight control workload is the sum of the workload
due to COMPENSATION (for the handling qualities deficiencies of
the helicopter) and the workload due to the task.

® Auxiliary tasks exist which can draw a pilot out-of-the-loop
for periods from 10 to 90 seconds.

® A high concentration of auxiliary tasks can be imposed for
perlods of up to five minutes, during some flight phases.

The strong interdependence between workload required and
performance achieved is recognized.

e Flight path control performance objectives were identified.
They reflect the performance required under Instrument Meteoro-
logical Conditions to insure a level of safety. The objectives
were defined as the ADEQUATE PERFORMANCE GUIDELINES and are
listed in Table 4-1. Only this particular set of performance
guidelines are utilized in this section. Therefore, the
performance objectives are tield constant but the acceptable
fl1ght control workload is allowed to vary for each case, as a
function of the task.
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The importance of SPECIAL CONDITIONS and ENVIRONMENT (weather,
turbulence, night, high traffic density, stress, etc.) to the
IFR certification process is recognized.
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When the lurge matrix of variables and conditions (consistant with
the findings stated above) are considered, a typical table can be con-
structed that takes into account the different flight phases, minimum
aircrew manning levels and operational modes (normal-mode or failure~mode
operations) versus the allowable flight control workload limits required
for compliance with the regulations. The format of this table is shown
below:

TABLE 7-1

FORMAT FOR MAXIMUM ALLOWABLE FLIGHT CONTROL WORKLOAD LEVEL

OKE-PILOT TWo-PILOT

ENROUTE APPROACH ENROUTE APPROACH

NORMAL MODE

FAILURE MODE

NOTE: Each of the eight open blocks inside this table represents a
task or evaluation condition defined by: a particular flight
phase (enrouvte or aoproach), aircrew manning level (one-pilot or
two-pilot), and aircraft state (normal~mode or failure-mode
operations).

PR TR AT R RIS X -

From examination of the regulatory documents, it can be postulated that
the object of the FAA certification process is a product which will
provide a level of safety for instrument helicopter operatioms. It
sppears that it is within the purview of the FAA (and their flight test
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examiners) to require that adequate performance objectives can be j
be achieved by the pilot/vehicle system. A readily available i
document utilized as a flight test guide for instrument ratings for i
helicopter pilots (Reference 14) provides specific performance objec- :
tives for all phases of instrument flight in a helicopter. The per- g
formance objectives stated in that advisory circular are summarized in
Table 4-1 of this report and are defined as the adequate performance
guidelines utilized in the development of the workload evaluation
scheme of this section.

Also, the impact of SPECIAL CONDITIONS such as weather must be
reconsiderd 1f extremes occur. For example, although a nominal-bad, IMC
day was assumed for purposes of this report, extreme degradation in
weather conditions (i.e., extreme turbulence and severe crosswinds) would
naturally have a deleterious effect on the pilot/ vehicle system, espe-
cially the workload/performance factors. Extreme weather degradation can
be accounted for in applying workload limits by assuming that increased
pilot compensation is necessary. For guidance, one might assume one
increment or one step increase in workload (yet to be defin:d) would be
allowed for extreme weather. The effect is briefly addreses.d again,
later in this Sectiom.

B e P DR D s T N N I S

For the reasons stated in the conditions and findings of this
section and in conformance with the format developed for Table 7-1,
there is a need to establish workload limits in the form of descriptors
of flight control workload that define different levels of pilot effort :
and atteniion required to achieve the adequate performance guidelines :
discussed earlier. Esach of these descriptors should include brief ;
additional remarks that would aid the test pilot in distinguishing the ’
different levels of compensation required for different flight control :
tasks: by the flight objective, aircraft state (normal-mode or failure- §
mode), and manning levels. ’
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A sat of flight control workload descriptors was developed as a
result of this effort. One discrete descriptor was developea for each
of the discrete workload tasks illustrated in Table 7-1. These des-
criptors are presented in Table 7-2. The introductory paragraph, :
included in Table 7-2 and enumerated by (1), is inserted to provide ;
typical phraseology for inclusion of these descriptors into advisory :
material or as criteria. When these descriptors are properly assigned
to the tasks of Table 7-1, the finished result is Table 7-3. That 1is,
the workload descriptors of Table 7-2 are shown in Table 7-3, properly
matched with the different flight phases, operational mode, and aircrew
manning levels as formulated in Table 7-1. The numbers identify the 3
workload descriptor which describes the maximum workload which can be :
observed and found acceptable for FAA certification.
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TABLE 7-2. WORKLOAD DESCRIPTORS

Tl A i

(PILOT’S EFFORT AND ATTENTION REQUIRED FOR THE FLIGHT CONTROL TASK)

RYY TIP3 ol

1. For IFR certification of helicopters, adequate flight path perform-
ance guidelines stipulated in Table 4~-1 shall not require pilots to
exceed the workload limits stated below for the applicable conditions
specified in Table 7-l:

PEPRCI PR BIR

l.1 Minimal pilot compensation. Control techniques are relaxed.

Continual pilot involvement in short and long term flight
control task.

PPRPPSF L)

PRI

1.2 Moderate pflot compensation. Pilot is moderately involved in
the flight control task, and must contianually correct the
short term state of the aircraft. :

1.3 Considerable pilot compensation. Pilot is heavily involved in
the flight control task. The pilot would not intentionally

plan to encounter this level of effort for more than 5-10
minutes.

S b (A i

1.4 Extensive pilot compensation. Pilot is very heavily involved in

the flight control task. The pilot would not intentionally plan
to encounter this level of effort.

& 1.5 Maximum pilot compensation. Pilot is totally involved in the
- flight control task. The pilot would not intentionally plan
e to encounter this level of effort.
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TABLE 7-3

MAXIMUM ALLOWABLE FLIGHT CONTROL WORKLOAD LEVEL

(Using descriptors of Table 7~2 for conditions of Crew
Level, Flight Phase, and Operational Mode)

. ONE-PILOT TWO-PILOT

ENROUTE APPROACH ENROUTE APPROACH

i NORMAL MODE 1.1 1.2 1.2 1.3 |
n. FAILURE MODE 1.2 1.3 1.3 1.4

1.5 NOTE: Applies ‘o both one-ptlot and two-pilot operations

, . in either enroute or approach for failure modes which

; . require an unacceptable degree of pflot workload and/or do
not permit the flight to continue as intended; or during

which adequate performance objectives cannot be met.
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NORMAL-MODE VERSUS FAILURE-MODE OPERATIONS

Table 7-3 provides guidance for allowable workload level limits for
fallure-mode operation as well as normal-mode operation. Defining the
various failure modes 18 a complicated subject given the large variety
and matrix of possibilities that exist. It is possible for a helicopter
(especially the single-pilot vehicles) to contain systems and items
such as (Reference 1):

e Simplex, Duplex, Triplex control system actuators (up to a total
of three actuators per axis)

e Three axes of augmentation

o Simplex, Duplex, Triplex vertical gyro sources. (Up to three
complete gyro packages fur a Triplex system)

e Primary, Secondary, Battery-Only Electrical Systems

® Boost Systems (sometimes primary and secondary and failure
modes)

e Single and Multiple Autopilot, Augmentation, Avionics, Control
Computers, Amplifiers, and Control Panels, etc.

Paragraphs e and f of the Interim Criteria address failures and

fallure-mode operation with respect to artificial stabilization systems,
artificial means, and zngine failures as:

"(e) Artificial stability. If the basic rotorcraft utilizes
artificial means to meet the stability requirements in paragrarhs (b),

(c), and (d) of the Appendix, the reliability of artificial means must
be substantiated.

(1) An artificial means may be used without a backup or
standby means provided the rotorcraft -

(1) With the means inoperative, has all of the flight
characteristics specified in Subpart B of this Part and, in
addition, has positive lateral, longitudinal, and directional
stick position stability and is free from tendencies towards
excessively rapid or dangerous divergence.

(11) Can be flown IFR without undue difficulty by the
minimum crew with the means inoperative for a length of time
£quivalent to the usable fuel supply of the helicopter, but
in any event not less than one hour. If usable fuel capacity

7-10
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of the helicopter is increased after certification, the
requirement of this subparagraph must be met with the new
fuel capacity, or else the length of time established with
the previous fuel supply must be applied (either in the
flight manual or on a placard) as an operating limitation.

(2) 1f the conditions of subparagraph (1) of this paragraph
are not met, an equivalent backup or standby artificial means
must be provided. Cereful consideration must be given to the
manner (e.g., automatic or manual switching) in which the backup
or standby means is activated when the primary artificial means
fails or malfunctions. !

(f) Controllability. Throughout the approved IFR airspeed range
there may not be dangerous divergence and uncontrollable tendencies
following a sudden failure or malfunction of the artificial stabiliza-
tion means or following the failure of a powerplant.

The control authority of an automatic stabilization device may not
be of such magnitude that in case of failure of the device, insufficient
control remains with the pilot for maneuvering in both normal and emer-
gency conditions."

—aay

Reference 3 provides a definition for failure-mode operation
(Appendix A) and is stated as:

"FAILURE STATE - A steady-state failure characterized by the various
failed systems that affect the handling qualities.
The dynamic effect of a failure is called a
change of state and should be noted separately.

SN S S
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Examples: Any failure resulting in loss of
selected function. Engine failure,
avgmentation system, failure in
s:ability, autothrottle, primary
flight control system (power boost,
¢lectric stick, servo control feel, ¢
etc.) or secondary flight control
system (trim, aerodynamic brake, {

> etc).”

e

-

. When a failure occurs, the pilot must evaluate the seriousness of
T the failure and determine which opzion or alternative should be exercised: j

2 5 A. Continue with no change in operations.
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B. retreat to optimum flight ¢ iditions for failure, coatinue to
fly IFR to original IFR destination, do not declare an emergency
but advise ATC of any required items (e.g., enroute time etc.).

C. retreat to optimum flight conditions for failure, discontinue
IFR flight as soon as possible and select nearest suitable
landing site. Interact with ATC as necessary but do not
declare an ewrcrgency.

D. declare an emergency, terminate flight as soon as possible.

The ADEQUATE PERFORMANCE GUIDELINES predicated earlier (Table 4-1)
apply to certain failure-mode operations also. Given the random nature
(temporary, occasional occurences) of first-failures, it would appear
that a somewhat higher workload would be expected or allowed for
failure~mode flight. (This higher workload is probably acceptable
because of decreased exposure and low probability of simultaneous
occurence in conjunction with the less than ideal weather of the
"nominal’ bad IMC day described at the end of Section 2 of this report).

Although many varieties and definitions of failure modes exist,
only one definition (formulated here for this report) is used. For the
purposes of this report fallure-mode operation is defined as that first-
failure which allows the pilot to continue to fly after failure and
complete the IFR mission without declaring an emergency. The failure
2 must be adequately serious, such that, once safely on the ground, the
pllot cannot dispatch on another IFR flight without first obtaining the
needed repairs to the failed system(s).

Interpretation of Table 7-3 shows that for each specific case, the
| workload descriptor (for normal versus failure-mode operations) permits
a maximum of only one paragraph shift in workload descriptor (greater

: l effort and attention required to coutrol aircraft in failure-mode while
still achieving the adequate performance guidelines of Table 4-1).

4 In summary, when a failure-mode is identified as a failure-mode

: | for which the pilot is expected to continue to the original destination
(without asking for any priority ATC treatment), adequate performance
guldelines are applied, but the allowable required workload is increased.

1f a helicopter, being evaluated under either of the two evaluation
patterns or under actual IFR conditions, reaches an "unusual flight
| condition", the result 18 a demonstration of non-compliance. That {is,
we can expect to have an occassional violation of the Performance
Objectives of Table 4~1, but never an unusual attitude. (This comment
excludes the immediate unrestrained response to hardovers.)
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EXTREME WEATHER CONDITIONS AS A FAILURE MODE

In part, the failure mode was defined on page 7~11 as "a steady-
state failure characterized by the various failed systems that affect
the handling qualities." If extreme weather conditions and heavy tur-
bulence are encountered, it is possible that the normal-mode handling
qualities of an augmented helicopter could deteriorate sufficiently so
that, in a sense, the extreme wzather could cause the equivalent or same
effects as a shift in descriptor due to failure.

For example, 1f, because of severe weather conditions and heavy
turbulence, a two~piloted aircraft flying enroute (normal-mode) requires
the pilot to provide CONSIDERABLE compensation (paragraph 1.3 in Tables
7-2 and 7-3) for the flight control task, he is operating at a descriptor
level equivalent to that for the failure-mode of the base line. That is,
for the nominal bad IMC day (predicated in this report as the norm), the
two-pilot enroute case (for normal-mode operations) would allow a maxi-
mum of "MODERATE" pilot compensation (paragraph 1.2 in Tables 7-2 and
7-3). But now, because of the very bad weather and turbulence, he is
required (and allowed) to increase his workload to provide CONSIDERABLE
pilot compensation {paragraph 1.3) in order to achieve the "adequate
performance” objectives of Table 4-1. Although nothing is failed, the
pilot is providing the greater compensation in order to meet the same
adequate performance objectives as before (but lie is now operating at a
more demanding workload level because of the very bad weather).

In the case of an unaugmented helicopter flying in extreme weather,
pllot workload for cthe flight control task must necessarily increase to
prevent degradation of man-machine performance. In the case of an
augmented aircraft, turbulence can require the pilot to disengage cetrtain
functions of an autopilot (i.e. altitude-hold). It is also possible that
an augmentation system may not have sufficient authority to adequately
compensate for gust upsets; or may cause control inputs so rapid as to be
unacceptable. Obviously, this would require the pilot to increase flight
control workload to maintain aircraft attitude.
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DISCUSSION ON WORKLOAD EVALUATION SYSTEM USAGE

The anticipated use of a workload evaluation system, requires
that the evaluation pilots and other involved parties be sufficiently
briefed so that everyone is using the same terminology, same task,
etc. and talking about the same thing. This is usually best accomp-
lished through the use of a briefing guide typical of that included in
Reference 3.

For the workload evaluation system, Tables 7-2 and 7-3 may be
utilized and applied during all flight check phases of the IFR certi-
fication process to provide gnidance and determine compliance with the
workload provisions of the regulations. An initial or preliminary
determination can be accomplished by flying the helicopter through the
two evaluation patterns detailed in Section 6 of this report (the
"ENROUTE" and "APPROACH" IFR evaluation patterns of Figures 6-2
and 6~3). During the use of these patterns, the pilot would exert
that workload level required to achieve the level of performance
specified by the guidelines of Table 4-1. Preliminary determination
of acceptability can then be made based upon a comparison of the observed
flight control workload with the requirements and conditions of Table 7-3.

Stated another way, given the following:

Specific levels of performance to be achieved,

Specific SPECIAL CONDITIONS of Weather and Environment,

Specific flight phase tasks to be flown (e.g., Approach, ILS-CAT I)
Specific nperational mode (e.g., ncrmal-mode or failure-mode).

The aircrew will provide the:

1. Workload required (by the handling pilot) to satisfactorily
accomplish the given task (e.g., Approach),

2. Workload required (by the handling pilot) to satisfactorily
control the helicopter due to its particular flying qualities
characteristics (i.e., provide the needed COMPENSATION),

3. VWorkload required (by the handling pilot for the one-pilot case
. or by the copilot for the two-pilot case) to accomplish all
avviliary tasks.

It is noted from the above, (for the given conditions and also providing
that compliance has already been achieved on all other required IFR cri-
teria) that if the aircrew can asccomplish the above stated workload
objectives with an acceptable worklcad level and a level of safety,
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the aircraft will PASS certification and if not, it will FAIL certifica-
tion. The information contained in Tables 7-2 ani 7-3 is formulated in
such a way that judgments on items ! and 2 above will determine the
PASS/FAIL workload evaluation of the aircraft system and certification
goal. Additional or final assessment of workload compliance would
necessarily be accomplished during the required flight test activity in
the air traffic control system under actual IFR day and night conditions
(Interim Criteria, paragraph j), But the requirements of 7-3 would still
be applied.

. As an example of the use and interpretation of Tables 7-2 and 7-3,
the following discussion for a one-pilot, normal-mode flight case 1is
offered. Table 7-3 indicates that for the one-pilot, normal-mode case,
paragraph 1.1 (Table 7-2) applies for the ENROUTE flight phases and
paragraph 1.2 (Table 7-2) applies for the APPROACH flight phases.

Taking the ENROUTE case first (where heavy auxiliary task workload
is predicated), the workload descriptor of Table 7-2, paragraph 1.l
states that, for the performance guidelines stipulated in Table 4-1, the
pilot’s flight control workload (pilot effort and attention required
solely for the flight control task) shall not exceed the limits stated
below:

l.1 Minimal pilot compensation. Control techniques are relaxed.
Continual pilot involvement in short and long term flight
control task.

Paragraph 1.1 means that the pilot is flying an aircraft where the
amount of added flight control workload needed to make up for unwanted
departures of the helicopter is minimal. His control techniques are
relaxed and, although he is continually involved in the flight control
task, the aircraft is easy to trim and control, does not respond
readily to gusts and turbulence, and has minor or no cross-coupling
effects. Although the pilot is continually involved in the flight
control tasks, his inputs are sufficiently spaced or casual enough so
that on occasion his attention may be required only at relatively long
intervals to adijust the long term motion f the aircraft.

AR I A i A SN D S SRR & EIRN SN L i

In order to achieve this to some degree, the aircraft may be inher-
ently well stabilized (within 1its IFR tailored flight envelope) and/or
it miy be equipped with an ATTITUDE-SAS (or SCAS) system (providing
additional angular damping and short term attitude stability) and/or is
partially decoupled (e.g., a single~axis heading-hold feature provided by
an autopilot type device). The helicopter may have, in addition to the
above systems (or instead of), a multiple~axis ATTITUDE-HOLD system
provided by a complete multiple~axis autopilct system.

hih Sty
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For the one-pilot, normal-mode APPROACH case (where the auxiliary
task workload is presumably lighkter and subordinated during the final
stages of the approach), the pilot’s flight control workload shall not
exceed the limits stated below (Table 7-2 and 7-3):

1.2 Moderate pilot compensation. Pilot is moderately involved in
the f£light control task and must continually correct the
short term state of the aircraft.

The pilot is now flying the approach phases where he is closely
controlling the helicopter. During close in portions of this task the
pilot may be providing control inputs as frequently as every second or
two in order to achieve the precision he desires. Also, since he can
elect to subordinate or limit some of the auxiliary task workload
because he is on the final approach, the pilot can allocate a larger
proportion of his total workload capability to the flight control task.
He therefore has the capability of flying an aircraft that requires more
COMPENSATION than was permitted for the enroute cise. That is, during
the enroute case, he would like to remove his hards from the controls
occasionally to navigate or copy a clearance and would like the air-
craft to "fly-itself” a little, so that he can accomplish auxiliary
tasks without too much concern and annoyance of correctins, large upsets.
His control techniques need to be relaxed. Whereas, in tae approach
case, he 18 more involved in achieving good tracking precision and
allocates most of his workload capability to the flight control task and
subordinates the auxiliary tasks for the time being.

It is worth noting that, in a general sense, the logic and use of the
information in Tables 7-2 and 7-3 is the same as that offered earlier and
discussed in an equivalent sense in the piechart discussions of Section 5
of this Report. That section of the report also provides an important
premise on acceptable workload level versus aircrew manning that .s

consistent with the guidelines provided in Table 7-3 and is excerpted
below:

".o. the maximum allowable flight control workload level which can
be safely accomplished by the Pilot-in-Command under single-pilot opera-
tions 18 less than the maximum allowable flight control workload level

which can be safiesly accomplished by the Pilot-in-Command of dual-piloted
a‘rcraft.

As an example of the use and interpretation of the TWO-PILOT,
normal-mode flight case, the following discussion is offered. Table 7-3
indicates that for this case, paragraph 1.2 predicates the maximum
allowable flight control workload level for the ENROUTE flight phases and
paragraph 1.2 applies for the APPROACH flight phases.

7-16
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Discussing the ENROUTE phase first, the workload descriptor of Table
7-2, paragraph ].2 states that for the performance guideliunes stipulated
in Table 4-1, the pilct’s flight control workload (pilot effort and
attention required solely for the flight control task) shall not exceed
the limits stated below:

1.2 Moderate pilot compensation. Pilot is moderately involve in
the flight control tasks and must coutinually correct the short
term state of the aircraft.

Paragraph 1.2 means that the handling pilot is permitted to provide (up
to) "moderate COMPENSATION". The effort and attention required for the
flight control task can only involve him to a moderate degree. He is
permitted to provide a workload level which is needed to continually
correct the short term state of the helicopter. He may bz flying an
unaugmert 2d vehicle or one that has a stabilizer bar but his control
techniques will still require him .. remain constantly in the flight
control loop. The aircraft responds to gusts continually, he has con-
siderable cross-coupling effects and the aircraft is somewhat difficult
to trim accurately and quickly.

Thiy case 13 in contrast to the ONE-PILOT, normal-mode enroute case
but it is acceptable because, although the pilot is working harder than
the comparable single-pilot case, he is still satisfied with the workload/
performance level and has a full time copilot to aid him and accomplish
all auxiliary tasks.

For the TWO-PILOT, normal-mode APPROACH case, the workload descrip-
tor of TABLE 7-3, paragraph 1.3 states that for the performance guide-
lines stipula:ed in Table 4-1, the pilot’s flight control workload (pilot
effort and attention required solely for the flight control task) shall
not exceed the linits stated below:

1.3 Considerable pilot compensation. Pilot is heavily involved in
the flight control task. The pilot would noc intentionally

¥ 5T SIS (T AT e comine
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| f plan to eacounter this level of effort for more than 5-10
i minutes.
§
§ The pilot is now flying the approach phase where he 1is clcsely
§ controlling the helicopter. He is quite busy and working pretty hard for
§ this high-precision, high-performance task but is functioning satisfacto-
3 i . rily and, «#ith the copilots help, ls well satisfied with the man/machine
- Y system and operation. However, the pilot is working considerably harder
: in this two-pilot Approach case as compared with the two-pilot Enroute
¥ case (and also as compared to the one-pilot, Approach case) but is fully
£ satisfied with the situation since he knows he will be required to
3 2
3 4
bl
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operate at rhis higher workload level for & relatively short time (say
5-10 minutes for the approach). Also, he has the aid and added assurance
and safety of a fully capable copilot and is not being asked to exhibit
exceptional skill, alertness and controllability. He is meeting his
performance objectives and has confidence in the man/machine system. As
far as meeting the IFR workload requirements of the Interim Criteria, :

this system will PASS.

With the same premises outlined in this sectior and logic used
above, similar discussions and results can be noted for the failure~mode
case for both two-pilot and one~pilot manning levels.

SUMMARY

The WORKLOAD DESCRIPTORS and ALLOWABLE FLIGHT CONTROL WORKLOAD
LEVELS formulated in Seoction 7 of this report and shown in Tablas 7-2 and
7-3 provide a basis for developing a candidate workload evaluation scheme
to be utilized in the IFR certification process for helicopters. They
offer structuring and formalization of important workload factors and
considerations such as:

e flying qualities of the helicopter (e.g., stability, augmenta-
tion, displays, envelope tailoring, avionics, pilot COMPENSATIION,

etc.),

e aircrew manning level (e.g., one-pilot versus two-pilot),

e operational mode (e.g., normal-mode operational state versus i
failure-mode operational state),

o type of flight phase or task (e.g., Approach, Enroute, Missed
Approach, etc.).

The workload evaluation system carefully considers the impact and
importance of stated Performance Goals and Special Conditions of Weather
and Environment. It is set up as a PASS/FAIL scheme that attempts to
provide aid in standardizing the IFR certification techniques by defining
the specific IFR piloting tasks, certification objectives commensurate
with aircrew level and operational-mode (normal-state or failed-state)
requirements. The intent of this type of workload/performance evaluation
scheme 1is to establish absoiute levels of acceptability or unacceptability
(PASS/FAIL judgment) for all IFR helicopters similarly configured in the
generic sense and not as a system to assess the relative ''goodness or
badness" of different helicopters and/or flight systems.
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APPENDIX A

HANDLING QUALITIES: DEFINITIONS AND TERMINOLOGY

Many studies concerned with the evaluation of aircraft handling
qualities and pilot performance/workload have been accomplished by
numerous agencies and the most noteworthy and familiar efforts have
been accomplished by Messrs. George Coopzr of NASA Langley and Robert
P. Harper of the CALSPAN Corporation, Buffalo, NY. 1In order to narrow
and constrain some of the definitions and variables used in judgment on
IFR helicopters, certain uf their accepted and well recognized defini-
tions and terminology are utii’zed here for convenience (excerpted
, verbatim from Reference 3). The terminology and ideas are useful in

structuring certain of the other sections on Workload and Stability
discussed in this report. Some of the most pertinent definitions
needed in this study are shown below.

Handling Qualities - Those qualities or characterfstics of an
aircraft that govern the ease and precision with which a pilot
is able to perform the tasks required in support of an aircraft
role. (Note: The terms Handling Qualities and Flying Qualities
are assumed to be equivalent.)

Mission - The composite of pilot-vehic:e functions that must be
performed to fulfill operational requirements. May be speci-

fied for a role, complete flight, flight phase, or flight
o subphase.

3 Flight Phase ~ A designated portion or segment of a complete
flight. A mission phase. A flight phase may be represented by
one or more separate tasks. Example: Takeoff, climb, cruise,
descent, approach, and landing, (and emergency conditions).

Flight Subphase - That part of a flight phase having a single
objective, and a single configuration or change in a configura-

N ! tion. Examples: Terminal area holding, glide slope capture,

: ¢ localizer capture, ILS tracking, wave-off.

AT TATTITTY o TR
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Task -~ The actual work assigned a pilot tc be yerformed in

. completion of or as representative of a desjignated flight
L ; . segment.
E ) ; Control — That part of a task which requices continuing actua-

] ) tion of the principal controls and use of the selectors as

required. Examples: Movement between specified point, tracking,
) ILS or VOR tracking.
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Auxilisry - That part of a task which involves the pilot in
actions other than direct control of the aircraft. JIxamples:
Navigation, communication monitoring, and selection of systems.

Workload - The integrated physical and mental effort required to
perform a specified piloting task.

Physical -~ The effort expended by the pilot in moving or
imposing forces on the controls during a specified piloting
task.

Mental - Mental workload 1s at present not amenable to quanti-

tative analysis by other than pilot evaluation, or indirect

methods using physical workload (input) and the task performance .
measurements. An example would be the improvement associated

with flight~director type displays which reduce the mental

compensation normally required of the pilot.

Performance - The precision of control with respect to aircraft
movement that a pilot is able to achieve in perforuing a task.
(Pilot-vehicle performance is a measure of handling performance.
Pilot performance 1s a measure of the manner of efficiency with
which a pilot moves the principal controls in performing a
task).

Compensation - The measure of additional pilot effort and atten-
tion required to maintain a given level of performance in the
face of deficient vehicle characteristics.

Special Conditions - The special circumstances pertinent to the
evaluation (i.e., aircraft environment and pilot stress).
Examples: Special conditions of weather and environment,
turbulence, wind shear, ceiling, visibility - night, etc.
Pilot awareness, surprise, or distraction with respect to
impending failure or disturbances.

Fajlure State - A steady-state failure characterized by the

various failed systems rh.t affect the handling qualities (or
possibly the need for flying qualities). The dynamic effect of
a failure is called a change of state and should be noted
separately. Examples: Any failure resulting in loss of
selected function. Engine failure, augmentation system,
failure in stability, autothrottle, primary flight control
system (power boost, electric s:ick, servo control feel, etc.)
or secondary flight control system {trim, aerodynamic brake,
etc.)o

A=2
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APPENDIX B

NARRATIVE SUMMARY OF EVENTS IN COMPOSITE HELICOPTER IFR FLIGHT PROFILE

Takeoff. According to Federal Aviation Regulations (FARs), helicopter
takeoff requirements consist of visibility minima only for FAR Fart 91
operators. However, helicopters which have been certified for IFR
flight customarily have had limitations imposed via either Type Certi-
ficate (TC) or Supplemental Type Certificate (STC), estcblishing a
"minimum approved IFR airspeed". Therefore, the takeoff profile for
these helicopters consists of VFR hovertaxi and acceleration (while
maintaining visual reference to the ground or runway lights) through
translational 1ift until reaching a mandated "minimum approved IFR
airspeed". The pilot may then initiate climbout and tramsition to
Instrument Meteorological Conditions (IMC) at some predetermined
airspeed.

IMC Climbout. Maintain a relatively high power setting for appropriate
high rate of climb during IMC climbout on runway heading until reaching
either circling minimums for departure point or an altitude prescribed in
the Standard Instrument Departure (SID). Establish and maintain climb
airspeed until desired altitude is reached, and adjust power for reduced
rate of climb.

Standard Instrument Departure (SID). Climb on course in steady-state
climb, contacting departure control. Intercept radial, navigate to
point-in-space (intersection) and change course. Continue the climb as
necessary, tracking radial that was used to identify the first inter-
section and intercept Victor airway at another intersection.

Climb Enroute. Continue a steady~state climb while tracking a Victor
airway which is defined by a radial on a pretuned navaid. Possible
reports of altitudes as they or reached or as requested by Air Traffic
Control (ATC).

Cruise Enroute. Level aircraft and report level °~ ATC. Continue
tracking course while executing level-off check of instruments and
equipment, initiate fuel consumption check and doublecheck estimates
for flight planning as appropriate. Cruise on course, identifying
intersections and making position reports as necessary.

ATC Weather Avoidance Assistance. Obtain radar vectors from ATC to avold

storm cells and weather concentrations. Maintain altitude and adjust

airspeed to turbulence penetration speed; comply with heading changes

as directed by ATC. DRrief passengers on weather and transmit Pilot »
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Reports (PIREPS) on observed and enco.intered weather conditions if
appropriate. Receive ammended clearunce from ATC and : :Intercept
Victor airway.

Climb Enroute. Comply with ATC altitude changes and report departing
altitudes. Climb on course and make position reports as required.
Level off, reporting level to ATC.

Descend Enroute. Comply with ATC altitude changes and report departing
altitudes. Descend on course and make position reports as required.
Level off, reporting level to ATC.

Hold Enroute. While cruising enroute (level, climbing or descending)
recelve helding instructions from ATC and copy. Review instructions
and plan holding entry. Identify intersection; then enter pattern and
time, turn, tune; reporting entry to ATC. Execute several patterns,
adjusting outbound time as necessary to achieve required inbound leg
time. Receive and copy ammended clearance while holding; then depart
the holding pattern, reporting departure.

Standard Terminal Arrival Route {STAR). Depart from cruise course and
navigate to point-in-space, identifying intersections along route,
making position reports as required. Begin descending along route,
report altitude changes (departing and level-off) to ATC and comtact
approach control when instructed.

ATC Radar Vectors to Final Approach Course (FAC). This begins the
Initial Approach segment. Comply with heading changes requested by ATC,
adjusting altitude as required. Retune navaids for approach, and review
approach and missed approach procedures.

Hold at Intermediate Fix (IF) for Timed Approach. Enter and maintain
holding pattern at Intermediate Approach Fix (holding narrative remains
essentially the same as that for Hold Enroute). Update airfield
wcather data through Automated Terminal Information System (ATIS) or
Flight Service Station (FS$S). Brief copilot (if applicable) for
approach and perform prelanding check. Retune navaids as appropriate.
Descend in holding pattern as directed, reporting departing altitudes
and level-offs. Adjust airspeed for approach and holding pattern legs
for approach time; receive time check from ATC or FSS. Depart holding

at appointed time, reporting departure, and intercept localizer course i
inbound. .

Intermediate Approach Segment. Localizer (LOC) intercept out of

holding starts this segment of the approach. Maintain altitude and e
track localizer course inbound, adjusting for local wind conditions. ) E
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Final Approach Segment. Glideslope (GS) intercept starts this segment
of the approach. Estatlish rate of descent and begin tracking both GS
and LOC simultaneously. Increase instrument scan rat~ and make contin-
uous adjustments of power and attitude. Contact tower when instructed,
maintain GS/LOC track, identify marker beacons. Continue descent to
Decision Height (DH) and transition to VMC or execute missed approach,
whichever is applicable.

Missed Approach Segment. The Missed Approach Point (MAP) is the DH for
an ILS approach and starts this scgment of the approach. An Inner
Marker (IM) may be located at thc MAP. Adjust collective to high
power, changing from approximately 500 fpm descent to a high rate

of climb. Maintain runway heading until reaching circling minimums.
Contact tower, advise of missed approach, execute turn at circling
minimums. Contact departure control, request desired clearance, and
retune navaids. Intercept and track radial, adjusting power for reduced
rate of climb; receive and copy ATC clearance. Identify intersecticn
(normally missed approach limit), enter and maintain holding pattern,
standing by for further clearance. Level off in holding and report
level to ATC. Continue holding, recalculate fuel and time remaining if
necessary and reveiw appropriate approach charts.

B-3
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APPENDIX C

TIME LINE ANALYSIS ADDITIONAL DOCUMENTATION AND SAMPLE PROCEDURE

The specific tasks for each of the four critical flight segments
identified in Section 3 were itemized, and are presented below.
Although flight control tasks are addressed in general terms, tLhe
auxiliary tasks are sufficiently detailed to allow for recording rhe
estimated time for completion of each task. This facilitated the
quantification of the approximate portion of pilot’s time/attention
required for these tasks and, conversely, the approximate time/
attention available fur the flight control tasks. Other, lesc-
consuning, auxiliary tasks which are readily time-shared require such
minimal levels of effort that they may be executed easily while flying
the aircraft, and were not included.

The Departure Segment is used to present a detailed example of the
time line analysis methodology used to develop the data presented in
Section 3. The complete procedure used to arrive at the workload
percentages is presented in Figures C-l through C-4.

c-1




Departure includes both the IMC Climbout and Standard Instrument
Departure, and possibly initial portions of the Climb Enroute. In this
situation, pilot first maintains a relatively high power setting for a
high rate of climb, then commences to execute a SID or similar ATC
clearance. While executing a departure clearance, pilots not infre-
quently receive amendments and must comply with course changes. The
significance in changing or amending the pilot’s initial clearance is
not only in the navigation portion of auxiliary tasks, but also in the
additional communications workload imposed on the pilot. Specific
tasks follow:

1 - VMC/IMC transition (from takeoff to transition, including accel-
eration from zero).

2 - establish high power, high rate of climb, on runway heading.
3 - turn 90° to new heading at circling minimums.

4 - (a) contact departure control; and (b) respond to "squawk and
ident" instrtuctions.

5 - receive and copy amended clearance.

6 - readback amended clearance.

7 ~ check map and retune navaids.

8 - turn 45° to new heading, continuing climb.

9 -~ recalculate enroute times based on new routing.

10 -~ intercept and begin tracking new radial.

11 ~ report reaching altitude as requested, continue climbing.

12 - receive and respond to transmission from ATC, accept frequency
change.

13 - retune comm radio.
14 -~ (a) contact next ATC facility, receive instructions for new
squawk and later positjon report; and (b) respond to Squawk and

ident" instructionms.

15 - (a) cruise; then (b) icentify intersection: retune nav radio,
adjust Omni bearing selector (OBS).

C-2
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Departure {Cont’d)

16 - (a) assess indications during climb; then (b) retune nav radio
and readjust OBS.

17 - make tracking corrections and continue tracking radial.

18 - identify intersection: (retune nav radio, adjust OBS).
19 - turn 45° to new heading to track new radial.
20 - (a) prepare; and (b) make postion report to ATC.

2]l - (a) receive ATC frequency change with radar service terminated;
and (b) reset transponder and retune comm radio.

22 - (a) contact approach control; and (b) make non-radar environment
position report.

23 - level-off, continue tracking radial.
24 - (a) receive and copy further clearance; and (b) readback clearance.

xx - continue flight, cruise enroute.

FETRANTRE
TR A FOTEY A A PR AN N R 5 e

)

- | Cc-3




G ok e ac A siles

il

T T T AR YR TR

s . v

Enroute includes those portions of the flight after the helicopter
has reached the initially assigned cruising altitude, with departure
procedure complete. It encompasses straight and level flight as well as
climbs and descents enroute. The enroute portion of IFR flights can be
quite cumbersome when travelling through high~density traffic areas
such as Terminal Control Areas (TCAs) and the Northeast Corridor.
Non-radar eanvironment is assumed because the possibility exists of no
radar coverage for some lower altitude flight situations, or a high
workload at ATC facilities necessitating termination of some radar
services to reduce that workload. Specific tasks follow:

1

report arrival at altitude to ATC. .

2 - level-off check (flight instruments, aircraft instruments, record
fuel status).

3 - trim aircraft for cruise flight.
4 - track selected VOR radial.

5 - identify intersection (check map, tune/retune nav radio, assess
indications, adjust/readjust OBS).

6 - adjust flight path to continue tracking as necessary.
7 - (a) prepare; and (b) make position report to ATC.

8 - receive and copy amended clearance from ATC.

9 - readback clearance.

10 - initiate climb enroute.

11 - recalculate flight plan for revised ETA.

12 - report adjusted ETA to ATC.

13 - level off at new altitude.

14 - report level to AIC. -
15 - receive new ATC frequency.
16 - retune comm radio.

17 - (a) prepare position report; and (b) make initial contact to next
controller.

C-4
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Enroute (Cont’d)

i8 - make full position report.

19 -~ continue tracking VOR radial.

20 ~ identify intersection (check map, tune/retune nav radio, assess
indications adjust/resdjust OBS).

21 ~ (a) prepare position report; and (b) make initial contact with
ATC.

22 - make full position report.
23 -~ gather approach charts and place in usable location.
24 ~ review approach chart for destination (approach & missed approach).

25 ~ review approach chart for alternate (approach only).
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Hulding can be either published or unpublished. Typically, a
published holding pattern will be reasonably simple no matter which
direction the turns are. An example of this would be when ATIC
directs an IFR helicopter to hold at a prescribed intersection on an
unpublished radial which requires an entry other than direct. This 1s
the situation addressed here, beginning at cruise enroute prior to
recieving holding instructions from ATC. Specific tasks follow:

1 continue tracking VOR raiial.

2 - respond to ATC originated contact.

3 - recelve and copy holding instructions.

4 - read back instructions, request EFC time.

5 - receive and note EFC time, terminate comm with ATC.

6 - review holding instructions, plan entry.

7 - calculate effect of holding until EFC on ETA and fuel requirements.

8 - cruise, check position relative to described intersection (check
map, tune/retune nav radio, assess indications, adjust/readjust

0BS).

9 - cruise, then identify intersection (retune nav radio, readjust
0BS).

10

turn to outbound heading, note time.

ll‘- roll out of turn on outbound heading; retune nav radio, readjust
0BS, note time, execute outbound leg.

12

turn inbound, intercept radial, roll out, note time.

13

adjust wind drift correction to track radial for inbound leg,
identify intersection (retune nav radio, readjust OBS).

* REPEAT PREVIOUS FOUR (4) TASKS, adjust outbound times as required,
adding following requirements.

l4 - respond to ATC altitude change instructions("descend 1000 ft."),
initiate descent in turn for 500 fpm vertical rate.

15 - outbound leg; retune nav radio, readjust OBS.

C-6
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Holding (Cont’d)

16 - level off at new altitude during inbound turn, report level to
ATC.

17 - receive and copy further clearance, read back clearance and
continue flight.

xx - continue flight, cruise enroute.

c-7
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Missed Approach is a high-stress situation which is not looked
forward to eagerly by pilots. A more complex missed approach would
typically consist of: changing from an established rate of descent to a
high power climb on runway heading, climbing turn to a new heading,
still with a considerable climb rate, intercept a VOR radial and climb
to an intersection for holding, possibly with level off during the
holding pattern. Throughout tiis flight segment, there are consider-
able auxiliary tasks incurred which cannot be put off easily. Specific
tasks follow:

0 - conclude inability to make visual contact with runway at DH.
1 - initiate high power climb, maintain runway heading. .

2 - report published missed to control tower, acknowledge instructions
to contact departure control.

3 - retune comm radio.
4 - turn 45° to new heading.

5 = report published missed to departure control, prepare to copy
clearance.

6 - receive and copy revised missed approach instructions.

7 - readback instructions, reset transponder.
8 - check map, retune nav radio, readjust OBS.

9 - assess indications, intercept radial with 45° climbing turn.

10 - veduce power for 500 fpm rate of climb, trim aircraft.
i 11 - apply necessary wind drift correction, and track radial.

12 - check position relative to described intersection (cruise, tune
nav radio, adjust OBS, assess indications, retune nav radio,
3 readjust OBS).

3 13 - cruise, plan entry, then identify intersection (retune nav radio, -
adjust OBS).

14 = climbing turn 180° to outbound heading, report entering holding
to ATC, level off at assigned altitude in turn, report level to
ATC, roll out cn outbound heading.
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Missed Approach (Cont’d)

15 - find approach chart for alternate, retune nav radio/readjust OBS
for holding (outbound leg).

16 -~ begin review approach chart for approach and missed approach
during inbound turn.

17 - track inbound leg, identify intersection.
18 - 180° outbound turn, continue review of approach charts.
19 - outbound leg, finish review of approach charts.
20 - inbound turn, complete review of approach charts.
21 - inbound leg, identify intersection.
. * REPEAT HOLDING SEQUENCE PER TASKS 10~13 , HOLDING SEGMENT.
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SAMPLE PROCEDURE, DEPARTURE SEGMENT

Time required co complete each task was recorded for the four
flight segments of interest. The tasks itemized for Departure Segment
are shown here with the times allocated. A graphic presentation is
made in Figure C-1, with an alternate presentation in Figure C-2.
Figures C-3 and C-4 show new workload computations and final presen-
tation of time line analysis results that were developed.

TIME

{Seconds)

30

10

30

10/10

15
15
12
15
55
60

15

15

10

[

10

i1

12

13

TIME ALLOCATIONS (Departure Segment)

VMC/IMC transition (from takecff to transition,
including acceleration from zero).

establish high power, high rate of climb, on runway
heading.

turn 90° to new heading at circling minimums.

(a) contact departure control; and (b) respond to
"gquawk and ident" instructions.

recv.ve and copy amended clearance.

readback amended clearance.

check map and retune navaids.

turn 45° to new heading, continuing climb.
recalculate enroute times based on new routing.
intercept and begin tracking new radial.

report ceaching altitude as requested, continue
climbing.

receive and respond to transmission from ATC, accept
frequency change.

retune comm radio.

c-10
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TIME ALLOCATIONS (Departure Segment) {(Cont’d)

TIME
(Seconds)
15/10 14 - (a) contact next ATC facility, receive instruc-
. tions for new squawk and later position report;
and (b) respond to Squawk and ident" instructions.
R 15/12 15 - (a) cruise; then (b) identify intersection: retune
nav radio, adjust Omni bearing salector (OBS).
15/12 16 - (a) assess indications during climb; then (b) retune
nav radio and readjust OBS.
60 17 - make tracking corrections and continue tracking
radial.
15/12 13 - identify intersection: (retune nav radio, adjust
0BS).
15 19 ~ turn 45° to new heading to track new radial.
| 9/15 20 ~ (a) prepare; and (b) make postion report to ATC.
b |
|
. 15/10 21 ~ (a) receive ATC frequency change with radar service
3 ; terminated; and (b) reset transponder and retune comm
& : radio.
| % 10/15 22 -~ (a) contact approach control; and (b) make non~radar
. environment position report.
3 4 15 23 - level-off, continue tracking vadial.
3 £5/10 24 - (a) receive and copy further clearance; and (b)

readbsack clearance.

xx - continue flight, cruise enroute.
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TIME LINE ANALYSIS
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I 0N 15
TIME (minuTES & TENTHS)
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A
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*NO1L: (1) Only shaded tasks from Figure C-1 are used; presenting
those auxiliary tasks which cause definite subordination
of flight control tasks (i.e., pilot out of the flight
control 160p).

(2) Periods of peak activity isolated and identified.

Figure C-2, Alternate Presentation of Time Line
Analysis, Departure Segment.
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(a) (b) (¢) (d) (d#c)X100
Sum of

Aux. Task Aux. Task

Period Start-Stop Total Time Time Workload %
1. 1.2 - 4.1 2.9 2.0 68.97
2. 5.7 -7.4 1.7 .8 47.10
3. 8.7 -11.5 2.8 1.4 50.00
4, 1.2 -11.5 10.3 4.2 40.78

Figure C-3. Computation of Workload for
Time Line Analysis, Departure Segment.

eriod 1 = 697

TIME LINE ANALYS)S

“ 5 6 7 8 9 W o1 12 1B W 15
TIME (MINuTES & TENTHS)

Period 2 = 477 eriod 3 = 50%

e
r

T

P
- P K

b

Total Period = 411

-

Figure C-4. Results of Time Line Analysis, Departure Segment.
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APPENDIX D
REFERENCE TABLES AND OTHER SUPPORTIVE DOCUMENTS
This Appendix contains additional supportive documents and
reference tables which expand definitions and conditions used in this
report. They have been referenced appropriately in the text of the
report.
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TABLE D-1

TURBULENCE CRITERIA, DEFINITIONS

(Reference 6)

TURBULENCE REPORTING CRITERIA TABLE

Intensity

Asrcraft Reaction

Reaction Inside Airoraft

Reporting Term  Definition

LIGHT

Turbulence that momentarily causes
slight, erratic changes in altitude
and/or attitude (pitch, roll, yaw).
Report as Light Turbulencc:®

or

Turbulence that causes slight, rapid
and somewhat rhythmic bumpiness
without appreciable changes in alti-
tude or attitude. Report as Light
Chop.

Occupants may feel a slight
strain against seat beits or
shoulder straps. Unsecured
objects may be displaced
slightly. Food service may
be conducted and little or
no difficulty is encountered

in waiking.

Occasional—Less than 1/3 of
the time.

Intermittent—1/3 to 2/3.

Continuous—More than 2/38.

MODERATE

Turbulence that is similar to Light
Turbulence but of greater Intensity.
Changes {n altitude and/or attitude
occur but the aircraft remains in
positive control at all times. It
usually causes variations in Indi-
cated airspeesd. Report as Noderate
Turbulence ;*

or

Turbulence that it similar to Light
Chop but of greuter intensity. It
causes rapid bumps or jolts with-
out appreclable changes in aircraft
altitude or attitude. Report as
Moderate Chop.

Occupants feel definite
strains against seat belts or
shoulder straps. Unsecured
objects are dislodged. Food
service and walking are dif-
ficult.

SEVERE

Turbulence that causes large, ab-
rupt changes in altitude and/or
attitude. It usualy causes large
variations in indicated airspeed.
Aircraft may be momsntarily out

of control. Report as Severe Tur-
bulence.®

Occupants are forced vio-
lently against seat beiis or
shouider straps. Uusecured
oblect; are tossed ahout
Food service and walking
are ‘mpossible.

Norz—Pllots should report
Iocation(s). time (GMT),
intensity, whether in or
near clouds, altitude, type
of aircraft and, when ap-
plicable, duration of tur-
bulence.

Duration may be tased on
time between two locations
or over a single location.
All locations should be
readlly identifiable.

Example:

a. Over Omaha, 1282Z, Mod-
erate Turbulence, in cloud,
Flight Level 810, B707.

b. From 50 miles soutk of
Albuquerque to 30 miles
north of Phoennx, 12102
1o 12507, occasional Mod-
erate Chop, Flight Level
330, DC8.

Turbulence in which the ajrcraft is
violently tcased ibount and is prece
tically impomsidle to control. It
may cause structurs! damage. Re-
port an Hetreme Turdulence.*

® High leve! turbulence (2ormally sbove 15,000 fest ASL) mot associated with cumuliform cloudiness, inciuding thunderstorms,
should be reperted as CAT (cloar air turbulencs) precoded by the appropriate imtensity, or light or moderats chop.
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TABLE D-2

ERROR DEFINITIONS FOR TRACKING AND NAVIGATION PERFORMANZE

Advisory Circular 90-45A on Approval of Area Navigation Systems
for Use in the NAS contains an Appendix entitled Sources of Navigation
System Error. In Appendix C of that Advisory Circular, Section 4
(Sources of Error), contains a subparagraph (a,3) that lists a number
' of commonly used definitiors on horizontal tracking error. They
are:

, o Flight technical error refers to the accuracy with which the
pilot cuntrols the aircraft as measured by his success in
cansing the indicated aircraft position to match the indicated
command or desired position on the display.

e Manual insertion errors are due to the human interface with the
control and display units that affect the performance of an
RNAV operation. The resulting error causes a deviation from
the defined RNAV flight plan. These errors are usually recog-
nized and corrected before developing in magnitude to a point
where they may be considered blunders. However, "manual”
errors also include undetected errors such as inaccuracies in
track setting and in setting waypoint bearing information in some
types of systems.

e Blunder errors are gross errors in human judgment or attentive-
ness that cause the pilot to stray significantly from his area
navigation flight plan, and are not included in the area naviga-
tion system error budget. Blunder tendency is, however, an
important system design consideration.

e Pilotage error will vary widely, depending on such factors as
pilot experience, pilot workload, fatigue, and motivation.
Equipment design and ambient environment variables also affect
pilotage directly and measurably, such as:

- Processing of the basic display inputs (i.e., smoothing and
quickening), whether or not heading is presented integrally
with position and/or command guidance indications, display
scale factors, numerous display configuration variables,
aircraft control dynamics, air turbulence, and many more.
Strictly speaking, with autopilot coupling, "flight technical
error”" becomes "autopilot error". These factors must be taken
: into account in arriving at empirical values for pilotage contri-
bution to system use accuracy.
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GLOSSARY - GENERAL DEFINITIONS

AIR TRAFFIC CONTROL. Service operated by appropriate authority to
promote the safe, orderly, and expeditious flow of air traffic.

AREA NAVIGATION (RNAV). Method of navigation that permits air-
craft operations on any desired course within the coverage of station~
referenced navigation signals or within the limits of self-contained
system capability.

AUTOROTATION. Rotorcraft flight condition in which the lifting

rotor is driven entirely by action of the air when the rotorcraft is in
motion.

CATEGORY 11 OPERATION. With respect to the operation of aircraft,
a straight-in ILS approach to the runway of an airport under a Category
IT ILS instrument approach procedure issued by the Administrator or
other appropriate authority.

CEILING. Height above the earth’s surface of the lowest layer of
clouds or obscuring phenomena that is reported as "bruken", "overcast",
or "obscuration", and not classified as "thin" or "paxtial".

DECISION HEICHT. With respect to the operation of aircraft, the
height at which a decision must be made, during an ILS or PAR instru-

ment approach, to either continue the approach or to execute a missed
approach.

VISIBILITY, FLIGHT. Average forward horizontal distance, from the
cockpit of an aircraft in flight, at which prominent unlighted objects
may be seen and identified by day and prominent lighted objects may be
seen and identified by night.

VISIBILITY, GROUND. Prevailing horizontal visibility near the
earth’s surface as reported by the United States National Weather
Service or an accredited observer.

HELIPORT. An area of land, water, or structure used or intended
to be used for the landing and takeoff of helicopters.

IFR_CONDITIONS. Weather conditions below the minimum for flight
under visual flight rules.

IFR OVER-THE-TOP. With respect to the operation of aircraft,
means the operation of an aircraft over-the-top on an IFR flight plan

when cleared by air traffic control to maintain "VFR conditions on
top" .
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MINIMUM DESCENT ALTITUDE. The lowest altitude, expressed in feet
above mean sea level, to which descent is authorized on final approach
or during circle-~to-land maneuvering in esecution of a standard instru-
ment approach procedure, where no electronic glide slope is provided.

NON~-PRECISION APPROACH PROCEDURE. A standard instrument ayproach
procedure in which no electronic glide slope is provided.

OVER-THE~TOP. Above the layer of clouds or other obscuring
phenomena forming the ceiling.

PILOTAGE. Means navigation by visual reference to lancdmarks.

PRECISION APPROACH PROCEDURE. A standard instrument approach
procedure in which an electronic glide slope is provided, such es IS
and PAR.

RNAV_WAY POINT (W/P). Predetermined geographical position used
for route or instrument approach definition or progress reporting
purposes that 18 defined relative to a VORTAC station position.

ROUTE SEGMENT. Part of a route, l.c. each end of that part
identified by -

(1) a continental or insular geographical location; or
(2) a point at which a definite radio fix can be established.
VFR_OVER-THE-TOP. With respect to the operation of aircraft,

means the operation of an alrcraft over-the-top under VFR when it is
not being operated on an IFR flight plan.
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